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PREFACE 


The first requirement in a book about vitalism is to consider 
the meaning or meanings of this term. 

A typical lay definition is that of the Concise Oxford 
Dictionary’. “The doctrine that hfe originates in a vital 
principle distinct from chemical and other physical forces.” 
But such definitions are too'brief and vague to be satisfactory, 
Science only knows “life” in the concrete, in living things. 
The definition quoted suggests biogenesis, the fact that 
living things are produced only by already existing 
organisms. But this is inadequate, for every historical 
theory of vitahsm implies not only origin but growth and 
metabolism through some distinctive agency which might 
be termed “vital principle.” 

Nor can precise dcWtion be found in the allusions 
scattered thinly among the volumes of the latest (1930) 
edition of the Encyclopaedia Bntannica, which has no article 
on Vitalism; reference must be made under Biology ^ Chem- 
istryy Holism, Mechanism and Medicine, History of. According 
to these, vitalism is opposed to mechamsm, was founded by 
Stahl, has died owing to death-blows, has a rather ghostly 
survival as a current trend m medical theory, is active in 
“emergent” and “substantial” forms, and presents pitfalls 
which can be avoided by hohsts; though Professor Wolf states 
that a “merely mechanical explanation” has been found 
inadequate to account for the facts of life (art. — Mechanism). 

If vitalism be interpreted to mean the teaching of Stahl, 
it may indeed be considered dead or at least moribund. 
But the ideas of modern biologists such as Professor Driesch 
are not dead, and he uses the term “vitalism” in a wide 
sense to include not only his own limited, entelechial, 
theory but also all the various doctrines which, from the 
time of Aristotle, have described hving things as actuated 
by some power or principle additional to those of mechanics 
and chemistry {cf. Part III (a) below). 

This is the definition adopted in this book. As the last 
chapter shows, it covers at least three divisions of vitalism, 
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autonomy m living things gcncially, consciousness or some- 
thing of that sort in ammals, and independence of imnd in 
Man Plants are fundamentally involved, particularly in 
biogenesis and resistance to entropy-increase But life is 
more actively and variously developed in ammals, so the 
litciature of the subject refers largely to zoology, including 
natural history and embryology Psychology and kindred 
studies come into this history because mechanism, if adequate, 
must account for all biological phenomena and not some 
only I assume, however, that vitahstic theories can be held 
concurrently with belief in the uniformity of chemical and 
physicjd “laws” as taught by modern science, though some 
of the older theories were not so held 

Similarly, “mechanism” or “materialism” is used in a 
wide sense for the opposite theory There is much truth in 
Woodger’s statement that vitalism and mechanism are the 
only two types of theoretical biology yet devised {Biological 
Principles, p. 441) 

I use the first person singular when mentioning beliefs of 
my own which may not be accepted by all biologists, and 
“we” m reference to ideas which are held by at least the 
majority of educated people 

Finally, I would express my thanks for suggestions for 
condensing and strengthening the original thesis to Professors 
E. W. MacBride, F R S , and E J Salisbury, F.R S. ; for 
their courteous assistance m obtaining books, often ancient 
and valuable, to the Librarians and staffs of the University 
of London Library, the Science Library, the Linnean 
Society, the British Museum (Natural History), Raffles 
College, Singapore, and the Malacca Library; my acknow- 
ledgments to Messrs. H. K Lewis & Co. for supplying books 
overseas, and my special thanks to the Publication Fund of 
the University of London for a generous grant towards the 
cost of pubhcation without which this book could hardly 
have appeared, despite curtailment in matters of detail 
which do not affect the original arrangement or argument. 

L. Richmond Wheeler. 

Seaford, Sussex. 

^ih April 1939 
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PART I 


EARLY PHASES OF VITALISTIC THOUGHT: WITH 
COMPARISONS, CONTRASTS AND SUMMARY 




1(a).— ANCIENT 

“ The analysis of the Anstotehan theory of life must therefore be one 
of the corner-stones of any historical work on biology." 

H. Driesch (Htsloty and Theory of Vitalism, p. ii). 

(i) Aristotle {Greek 386-322 b.c.) ; form, soul, entelechy. 

Of Aristotle as the founder of logic and psychology, as one 
of the greatest thinkers in the history of the world, even of 
Aristotle as a very great biologist, this is not the place to 
write. An excellent summary of his genera] work as a 
naturalist is given by Smger in Greek Biology and Greek 
Medicine, while Osborn discusses his position in the history 
of evolution in From the Greeks to Darwin. Here only a brief 
summary of the reasons for considering him as a vitalist can 
be given, with some critical survey of his vitalistic concep- 
tions, which will be compared later with those of other 
thinkers (III(«/) 2, v; cf 11 (c), i, for his errors concerning 
abiogenesis). 

But it is important to remember the background of his 
vitalism — a supremely great power of original thought, an 
encyclopaedic erudition which has seldom been equalled, 
never surpassed, and the biological observations of one who, 
as Dr, Singer states, “is now universally admitted to have 
been one of the very greatest investigators of living nature” 
{Greek Biology, p. 21) ,* while Darwin wrote in 1882, near the 
close of his life: “I had not the most remote notion what a 
wonderful man he was. Linnaeus and Cuvier have been my 
two gods, though in very different ways, but they were mere 
schoolboys to old Aristotle” {op. cil , p. 78). The combination 
of philosopher and outdoor naturalist is not common and 
should always command respect, especially when, as so 
pre-eminently in the case of Aristotle, it is combined with an 
unusually wide range of general knowledge and exceptional 
power of original thought. 

Aristotle, Dr. Singer considers, “is in the fullest sense a 
vitalist” {op. at, p. 27). This view is based largely upon 
Aristotle’s idea of “soul” or aitd the peculiar teleology 
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connected with this fundamental part of Aristotle’s thought 
concerning living things. 

The soul or “form” {De Anma, II, i, 4), according to 
Aristotle, is an essential principle in the organism, which 
causes and controls its growth as a whole, and also the 
development, as means for definite ends, of its parts, such as 
the various kinds of teeth and the human hand (Singer, 
pp. 27-9; De part, animahum, i, I, 641). There is a close 
' siimlarity between this conception and the entelechy of 
Driesch {cf. Ill (a), ii, below). The_joul “i s nei ther in- 
^^ependent of, nor . . . identical with, TEe^od3£.’’ 5 Tmir 
relationship “was determined by the existence of an Eti- 
telechy, an ‘indwelling purposiveness’”, the nature of 
which may be illustrated by a quotation from the De 
Anima'. 

“They are right who hold the s oul as not independent of 
the body and yet as not in itself anything of the nature of the 
body ... It therefore resides in body, and moreover, a 
particular soul to a particular body, . . For the Entelechy 
of each thing comes naturally to be developed in the 
potentiality [or matter — L.R.W] of each thing, and it is 
manifest that soul is a certain Entelechy and notional form 
of that which has the capacity to be endowed with soul ” 
This, Singer concludes, “is the basic thought in Aristotle’s 
biological work” ... as “in much biological work at the 
present day” (E B., 3, 6og; De Anma, II, 2, 14-15; Hicks 
translates entelechy by “actuahty”). 

Aristotle distinguishes three main types of soul, correspond- 
ing to the broad divisions observable in nature between 
plants, animals and Man. The zj^totog-soi d or “ facul ty o_f 
soul” is required for nutrition and reprodu ction, arid is 
therefore found mr-pkntt ranJ otKerliving things; the sensitive 
soul or faculty is found in all animals, even the lowliest OTes 
which appear to possess tac^e_sensat ion only, and, of 
course, in Man too;^ Man alone possesses the thi rd, the 
rational, soul as well as the other two (Singer, pp. 40-41; 
cf. De Anima, II, 3, and Hicks, Introduction; and De gen., 
II, 736b). A. R Wallace came to a similar though quite 
independent conclusion m the nineteenth century 
{Darwimm, Gh. XV ; cf. II(<i), ii, below). 



ANCIENT 


5 

But Singer considers that, though at first Aristotle separated 
Man sharply from lower animals, he having a rational soul 
and they not, as his knowledge increased he seems to have 
regarded this distinction as relative rather than absolute, or, 
rather, that animals possessed some degree of reason, in 
addition to the sensitive or animal soul possessed by them 
and by Man (E B , 3, 609) This accords with the views of 
some modem zoologists {cf III(A), 3, v, and III(^/), i, 
below, re Durken, E. S Russell, etc ). Actually, in the 
De Aroma (Part II) Aristotle expounds several functions of 
“soul” above the first two, which are typical of plants and of 
all animals respectnely. And this accords with the various 
modem arguments for autonomy m animals, culminating in 
independent mind m Man, summarised in Ill(rf), 2, 111, and 
iv, numbers 6, 7, 10 and ii Animals possess very varying 
powers of sensation and autonomy, but have more than 
plants and less than Man 

Aristotle realised, moreover, that the different kinds of 
living things “can be arranged in a series in which the 
gradations arc easy . . ‘little by little from things lifeless to 
animal life’ ”, with many intermediate forms (Greek Biology, 
pp. 29-30; De partibus, IV, 5, 681 a, 12; Histona an , VIII, i, 
588b). But this apparent modernity is qualified by his 
uncritical acceptance of abiogcnesis (cf II (r), 1), and the 
four “elements” and their properties. 

A peculiar quality of Aristotle’s thought on this subject, 
due to the impossibility at his period of observing micro- 
scopic objects such as spermatozoa and mammalian ova, was 
his idea that the female contributed matter to the embryo 
while the male contributed nothing material, only the 
principle, soul, power (De gen , I, 19, and II, i), or — ^to use 
a typically Aristotelian concept — form. Thus, he found 
nothing difficult in the cases in which the male does not 
appear to contribute actual semen or in actual examples of 
parthenogenesis. The semen, on Aristotle’s hypothesis, 
being material, is actually of no importance; all that 
matters is the non-material form or prinaple contributed 
by the male. The inheritance of characters from the female 
as well as from the male he explained by considering 
that the embryo was produced &om the catamenia, which 
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do not appear during gestation, they being “a secretion 
as the semen is” {De geneiatione anm , I, 19, 727a and 
20). He was also, like other naturalists till the time of 
Camerarius, ignorant of the sexual pioccsses m plants {eg , 
De gen., 1 , 2 ^). 

The advance of knowledge concerning reproduction, 
sexual and asexual, which followed the invention and 
improvement of microscopes, has, of couise, relegated this 
portion of Aristotle’s philosophical biology to the lumber- 
room of abandoned, fanciful ideas But a passing word of 
tribute must be paid to his brilhant first-hand observations 
on such aspects of embryology as were perceivable m his 
day The Dc generatwne was for some two thousand years the 
finest achievement in animal embryology, and many of the 
observations recorded therem, which wcic disbelieved by 
later biologists, have more recently been confirmed as 
str ikin gly accurate records of normal and abnormal phen- 
omena in reproduction {Gieek Biology, pp 35-8; Singer, 
History of Biology, p 34) 

Aristotle’s weakness as a physiologist has been laid bare by 
Singer. “He formally rejected the older views of Diogenes 
of Apollonia, of Alcmaeon . and of the Hippocratic 
writings, that placed the seat of sensation in the brain ” He 
thought that the heart had tliree chambers only, that it took 
in air direct from the lungs, was the central organ of the 
body; and so on {Greek Biology, pp 52-3) But he rejected the 
brain as the s eat of sensatmn, as Dr MacBride saySTtorThc- 
sound practical reason that opctations on the brain do not 
hurt. No man can be a mcistcr of all details of all branches 
of knowledge — ^not even an Aristotle But, as both a great 
philosopher and a “ supreme naturalist by his natural endow- 
ments,” Aristotle was bound to see that the whole is always 
greater than the part, nature greater than an organism, an 
orgamsm greater than an organ or tissue; so he stands out 
in history as, among other things, the first great vitalist 
{cf. op. at., pp. 53-4). 

Osborn notes “A marked chasm between his theistic, or 
dualistic, teaching and the sceptical . . . agnostic, and, to a 
certain extent, monistic teachmg of Epicurus ”, who revived 
the outlook of Empedocles and Democritus. If Aristotle had 
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only accepted the survival of the fittest doctrine of Em- 
pedocles, “he would have been the literal prophet of Dar- 
winism,” Osborn considers, adding, however, that Aristotle’s 
rejection of the survival hypothesis was a sound induction 
“from his own limited knowledge of Nature” [From the 
Greeks to Darwin, pp. 43-59, 64-8) But Singer, who is not a 
Darwinian as Osborn was, thmks that Aristotle never gained 
a clear idea of organic evolution, though he “was moving in 
that direction” (E B., 3, 6iod) 

It is interestmg to read what Driesch himself says of 
Aristotle in his History and Theory of Vitalism. In his opinion 
the Stagirite is “the first exponent of a scientific ‘vitalism’ 
he is also “a typical representative of antiquity and the 
Middle Ages” and “a typical precursor of all vitalistic 
theories until the most recent times”; for the phenomena of 
co-ordinated animal movements and of formation from the 
germ have always been the starting-point of Vitalism 
{pp. cit , pp. 11-12). 

Aristotle’s theory of development is epigenetic; heart,, 
liver, and so on, come gradually into existence in the embryo, 
e g. the chick, which Aristotle studied carefully. Something 
potential arises because of something else which already 
exists. But, though the potentiality may be compared to the 
statue which is potential m a block of marble, the existent 
or “entelechy” to which its production is due is not the 
senseless material marble block, but the thought or concept 
of the statue in the mind of the sculptor. It is this thought 
or idea which answers to the “form” or entelechy of Aristotle 
{op. cit., pp 13-14). Each part of a growing embryo arises by 
somethmg actually existent (analogous to a Platomc idea) 
out of something potentially existent, like the possible statue 
m the marble block {De gen. an, II, i, 41^, and op. cit., 
pp. 15-16); or, parts arise out of the matter supplied by the 
mother because of the “soul” or “form” supplied by the 
male. 

And the seed transmits to the matter of the embryo the 
soul or form by which it is itself animated {op. cit., p. 17). 
Thus the “soul” {i/wgp) is the elementary principle 
(®8X^) of all things living, or, “the first actuality [as 
* A reference I cannot trace in Platt’s translation (Oxford, 191a) — ^L.R.W. 
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Driesrh translates wgwTTj hneXixeia] of a natural body, 
having in it the capacity of life, and of one possessed of 
organs” {op. cit , p. i8) 

The entelechy of Aristotle is then a power or directive 
“soul” within the organism, an “innate and inherent 
factor ”, as Singer says (£6,15, 199b) ; adding that whatever 
theistic or “mystical” ideas may be found in his various 
works, the motive force of the organism is represented as 
something in the organism itself. 

Dr. E. S. Russell, however, with whose ideas I am usually 
in close agreement, considers that Aristotle’s view “was not 
vitalistic in the modem sense; it did not imply a dualism of 
matter and entelechy” because his “soul” expressed the 
activity of the organism as a whole {Advancement of Science, 
1934, p. 84). But I think that Driesch and Singer are correct 
in claiming Aristotle as a vitalist; Russell does not seem to 
allow for the “form” which holds so large a place in the 
teaching of the Stagirite Still, from another point of view, 
Russell IS yet another of the moderns who find in Aristotle 
a “first-rate naturalist and observer” {op, cit, p. 87), and, 
rightly or wrongly, a “father” of their own biological 
views. 

Driesch agrees with Singer that Aristotle’s theory of life is 
“pure vitalism”; and he emphasises that this theory arose 
“from an entirely impartial contemplation of life’s pheno- 
mena, and not as the result of a struggle against other doc- 
trines ”, which were held by Greeks before and after Aristotle. 
Indeed, he finds that Aristotle did not attach sufficient 
importance to the concept of necessity as enunciated by 
Democritus. And by his conception of “entelechy” he 
“ created the link between idea and reality which is lacking in 
Plato” {op. cit., pp. 19-21). 

Finally, we are reminded of the tremendous influence 
which Aristotle exerted in biological as m other matters, 
despite an attempt in the thirteenth century, foiled by 
Albertus Magnus and Aquinas, to overthrow it, down to the 
eighteenth and even “for many” to the middle of the 
nineteenth century. Since then his reputation as a field 
naturalist and embryologist has been enhanced (Singer, 
loc. cit.)\ and Driesch claims that Aristotle’s “assertions”. 
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too, have been justified by recent research. This claim will 
be considered in due course {cf. a, v). 

(ii) Decline of Greek biology. 

With the death about 287 b.c. of Theophrastus, the botanist 
who succeeded Aristotle as head of the Lyceum, “biological 
science substantially disappears from the Greek world” 
{Greek Biology, p. 61). Osborn, too, remarks upon the rapid 
decline in Greek productiveness, leading to its extinction, 
after its highest level was reached in Aristotle {op. cit., p. 57). 
In fact, for the student of vitalism there is little worthy of 
note in the history of human thought after the death of 
Aristotle in 322 b c. until we come to the man whose 
writings influenced general beliefs and medical practice 
and theory in Islam and Christendom till well into the 
seventeenth century a d. This man was Claudius Galen of 
Pergamon. 

Still, the Alexandrian School, which arose soon after the 
death of Aristotle, produced advances in medical knowledge, 
and one of its greatest teachers deserves notice before Galen 
is considered. 

Erasistratus of Chios, c. 300 b c., unlike Aristotle and 
Galen, “professed himself a lationalist.” Yet he comes into 
the line of vitalistic biologists In contrast to Aristotle’s 
internal entelechy he invokes “Nature” as an external 
directive power to explain the working of the body; but this 
conception, though vague, imphed more than blind mechan- 
istic forces. He revived the “pneumatism” which some earlier 
thinkers had put forward, and which became distinctive of 
Galen’s physiology. But for Erasistratus there were only two 
spirits or pneuma-s in the body. Ar breathed through the 
lungs reaches the heart and combines with the blood to form 
“vital spirits ”, which go to the body through the arteries. 
That portion which reaches the brain forms "animal spirits ”, 
which fill the cerebral ventricles, passing to the body along 
the nerves. The veins, he considered, carried blood only, 
not blood and the “natural spirits” which Galen thought 
were formed in the liver. Like Galen, he attributed the 
movements and higher functions of the body to “animal 
spirits ”, conceived of as a vital fluid of a gaseous rather than 



10 


VITALISM 


a liquid kind. The shortening of muscles he believed due to 
distension by this fluid {cf Singer, E.B , 15, 199). 

(iii) Galen [Greek- ad i 31-201); animal and other spirits; vital 
fluid 

Galen “ was the greatest biologist of the late Greek period ”, 
“a naturalist of great ability and industry, and knew well 
the value of the experimental way” (Singer, Greek Biology, 
pp. 65-6) His total output of writings was enormous and, 
unlike many Greek medical and biological works, his have 
been preserved Also many later books which appeared 
under other names were little more than translations or 
compilations from Galen’s vast and numerous treatises 

His primary interest was medical; but, though he ex- 
amined a human skeleton at Alexandiia, “lus physiology 
and antomy had to be derived mainly from animal sources ” 
He also studied the wiitings of the various medical schools 
which developed after the loiindation of the great University 
of Alexandria in 300 b c From these and from his obser- 
vations and dissections of ammals Galen built up that 
physiological teaching which was to dominate the medical, 
scientific and popular ideas of the working of the human and 
animal body till well into the seventeenth century [Greek 
Biology, pp 65-6) 

This system is well summarised by Singer [op cit., 
pp. 66-70) According to Galen, life depends primarily on 
breathing, though, of course, he has no conception of the 
existence or function of oxygen; for him respiration meant a 
taking in of spirit (Latin anima, Greek pneuma) from the 
general world-soul. This primitive spirit passes to the lungs 
through the trachea and thence to the left venticle through 
what is now termed the pulmonary vein. 

Digested food, absorbed as chyle from the intestine, is 
carried by the portal vein to the liver, which Galen, in oppo- 
sition to Aristotle, who looked on the heart as the chief 
organ, thought provided the “innate” heat of the body. In 
the liver the chyle was elaborated into venous blood and 
endowed with the lowest or simplest of the three kinds of 
spirits produced in a living animal body and essential for its 
health. The “pneuma” originating in the liver is the natural 
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spirits. This, with the food material from the intestine, is 
earned to the body by the first of the three distributin g 
systems, the veins In these, as m the arteries and the sup- 
posedly hollow nerves, the fluid ebbed and flowed continu- 
ously throughout life The liver was the centre for the veins, 
the heart for the arteries, and the brain for the nerves, from 
each the appropriate “spirits” \Nere sent to the body, not by 
a circulation but by an ebb and flow up and down a single 
series of channels 

But some of the venous blood from the hepatic vein of the 
liver went not to the body at large but to the heart, entering 
the right side of the organ Here it parted with its impurities, 
the “exhalations” of the organs brought back by the ebb 
in the vans, and these were carried off by what we call the 
pulmonary artery to the lung and thence expired into the 
air. Most of the purified venous blood returned to the venous 
or liver- vessel system 

Now came another characteristically erroneous and 
correspondingly important part of the Galenic system. Some 
of the venous blood in the right ventricle was believed to 
pass through the septum by invisible (actually non-existent) 
pores into the left ventricle Here it mingled with the 
pneuma from the lungs and its natural spirits were thereby 
elaborated into a higher form — the vital spirits: these were 
distributed by the ebb and flow in the arteries 

But the arterially conveyed latal spirits that reached the 
brain suffered a further elaboration in that organ, resulting 
in the formation of the animal spirits This supposedly ethereal 
substance travelled to sill parts of the body along the sup- 
posedly hollow nerves Galen’s minor errors in thinking 
that the arterial rete mirabile of the calf and the hepatic vein 
of the dog also occurred in man are of little importance here. 

The points of interest to students of vitalism are three; 

(а) The vitalistic conception of the three “spirits”; 

(б) Galen’s teleology; 

(c) The profound influence he exercised for so long and 
the harm done to anti-mechanical views by the 
collapse of his ill-founded ideas. 

(a) The vitalistic nature of his teaching is as obvious as 
its entire lack of sound foundation. 
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Breathing is essential to all living creatures except 
anaeiobic micio-organisms, but not in Galen’s way. A 
world soul which is appropriated through gills or nostrils is 
unknown to science or to modern philosophy The gross 
errors of the three sets of vessels, each with its ebb and flow, 
have been exposed as completely as the subsidiary mistakes 
of regarding nerves as hollow tubes and the ventricular 
septum as being perforated But as long as the body was 
believed to build up the three increasingly non-material 
spirits — natural, vital and animal — from blood, digested 
food and inspired world soul, it was obvious that man and 
animals at least were beings utterly outside the reign of 
whatever laws controlled phenomena m the non-living 
portions of nature. Quite apart from the influence of Aris- 
totelian ideas, all medical men and biologists from a . d . 200 
down to A.D. 1628 or longer were vitahsts because they were 
Galenists. 

(6) The classical examples of Dcscaitcs and Newton — to 
name no others — show that able men can develop mech- 
anical ideas about at least a part of natuial phenomena and 
yet also hold firm beliefs in the activity and beneficence of a 
Supreme Being But Geden not only saw the action of an 
omniscient and omnipotent Creator in all things, like Palcy 
and A R. Wallace in his later years, but taught this as part 
of his science. This commended his teaching to the followers 
of the three great monotheistic rehgions — who alone matter 
seriously m the history of science, whatever their periodic 
shortcomings — and so secured its survival [op. cit , p. 70). 
And it reinforced powerfully the vitalistic trend of his 
teaching; for vitalism has usujilly been connected with theism 
just as Its opposite is the only theory that can accord with 
atheism [cf. 11(6), iv, and Ill(if) 2, below). 

(c) Enough has been said of Galen’s enormous influence 
down to the seventeenth century. Even Vesalius, acclaimed 
by Foster, Locy and others, as the destroyer of authority and 
the founder of new methods in physiology and biology 
generally, did not do more than hint that Galen’s ideas 
about spirits and thein conveyance to the body were wrong; 
he was “content to teach” them. Sir M Foster’s Lectures on 
the History of Physiology are illuminating; not only Vesalius 
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and Fabricius before Harvey but Descartes, van Helmont, 
Mayow and Wilhs, after his proof of the circulation of the 
blood, continued more or less the secular Galenic tradition 
(op. at, pp 12-13, 38, 59, 134-9, 196, 253-6, 271-5). But as 
his doctrines became generally discredited so the ideas 
associated with them tended to suffer {cf. 1(6), 2, i, and 
11(6), u). 

No recrudescence of Galemsm in any shape or form can be 
claimed to-day, though Aristotle never stood higher whether 
as a biologist, by general consent, or as an exponent of vitalism 
according to Driesch and othci vitalists. Galen’s physiology 
was hopelessly and demonstrably wrong, so the basis for his 
theories has disappeared; the bases for the conceptions of 
Aristotle remain, apart from his ignorance about sexuahty 
and biogenesis, so the conceptions are at least possible 
[cf. Ill(d), 2, v). 

(iv) William Harvey {English : 15J8-165J); vital fluid hypothesis 
destroyed by his discovery of the circulation of the blood; 
vitalistic views on embryology; epigenesis. 

We have seen how Galen’s teaching about the three kinds 
of spirits was accepted till well mto the seventeenth century, 
with all Its implications of special powers in the body, which 
created these spirits, and of the need of the body for their 
vivifying action to enable its natural functions to be carried 
on. 

Accounts of Servetus, Caesalpino and others, who, in 
varymg degrees, anticipated Harvey’s great discovery, can 
be read in any text-book of the history of science, for instance, 
in Foster’s Lectures, Chapter II We are not concerned with 
them here. They failed to convince their fellow doctors and 
tudents of physiology. Harvey succeeded because his work 
was based on experiment and observation welded together by 
clear, simple reasomng; yet even his book, De Motu Cordis et 
Sanguinis, was received at first with considerable opposition, 
and for long after its publication in 1628 Descartes and other 
famous writers continued to follow part at least of Galea’s 
doctrine. 

What Harvey did was to show to any unprejudiced reader 
that, first, the systole or contraction of the heart forced blood 
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into the arteries ; secondly, that all the contents of the right 
ventricle went to the lungs — none directly into the left 
ventricle — and then back through the left auricle to the left 
ventricle — the pulmonary circulation; thirdly, that all the 
blood was driven from the left vcntiiclc along the ordinary 
arteries to the body and thence returned through the veins 
to the right auricle to begin the double circulation again. 
All he disproved immediately was the supposed ebb and flow 
along two supposedly unconnected sets of vessels — the arteries 
and the veins, and the supposed function of the liver as the 
centre for the venous system 

As Foster well points out [op at , p 46), quoting one of 
Harvey’s most famous sentences, Han cy simply disregarded 
the current notions about spirits, saying that the question as 
to whether the heart gave “heat, spirit, perfection” or any- 
thing else except motion to the blood must be postponed 
and “decided upon other grounds ” “Yet his demonstration 
was the death-blow to the doctrine of the ‘spirits There 
was one blood supply to the body, not tv\ o : the basis for the 
separate supplies of “natural” and “vital” spirits was 
destroyed, and the belief in these two spnits could not exist 
without It. But, of course, Harv'cy’s work did not directly 
affect the possible elaboration of some sort of animal spirits 
in the brain nor their possible passage along nerves, hollow 
or solid, to the body; so the belief in some sort of special 
nervous spirits or current hngcred on, gradually merging 
into the modern belief in non-material impulses which pass 
along the nerves Willis (1621-1675), for instance, who ad- 
vanced knowledge of the brain, used very Galenic phrase- 
ology when describing the action of the nervous system [op. 
cit , pp. 269-74), and “as late as 1796 competent anatomists 
were still identifying the flmd in the ventricles of the brain 
with Galen’s ‘animal spirits’” (Whetham, Hist of Sci., 
p. 274). On the other hand, the overthrow of the natural 
and vital spirits in the blood system could not but make men 
sceptical of the supposed formation of animal spirits in the 
old sense of the term The term “vital spirits” might be used 
by Willis and his contemporaries, but the spirits had become 
“mere qualities of the blood, their names might be retained, 
but the virtue had gone out of the names” (Foster, p. 52). 
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The above summary gives the usual view of historians of 
biology, such as the late Sir Michael Foster, on whose 
Lectures it is largely based, upon the part played by Harvey 
m causing the abandonment of a crude vitahstic view of a 
definitely mechamcal problem — the double circulation of 
the blood — by a rigorously mechanical treatment {op. cit., 
p. 46). And with this usual view I agree — as far as it goes. 

But as Driesch m his brief outhne of the History of Vitalism 
ignores Galen it is interesting to examine his account of 
Harvey Since Galen’s theory of “spirits” is not mentioned, 
there is, of course, no need to refer to its overthrow through 
Harvey’s physiological discoveries. He is considered here 
not as the opponent of an erroneous form of vitalism, that of 
vital fluids, but as the exponent of the Aristotelian type of 
vitalism {op. cit., pp 26-30), and the ground for this view is 
found in Harvey’s less famous work, De generatione animalium. 
Its preparation, in which King Charles I took considerable 
interest, occupied his leisure between 1628 and 1651, when 
it was published by Harvey's friend Ent It is five times as 
long as “ De Motu, ” and lacks the careful arrangement of that 
outstanding treatise. Here Harvey originated the view that 
all higher animals have a single type of origin — an egg — a 
view summarised, though not by Harvey himself, in the 
historic phrase, omne vivum ex ovo Driesch states that Harvey 
“was by no means opposed to the theory of spontaneous 
generation” {op. cit , p 20); Dr. Singer and his colleague 
state that “he declares ag2unsi spontaneous generation” 
(E.B , II, p 237d). T. H. Huxley shows that Driesch’s view 
is the correct one, as Harvey meant by “egg” not what we 
mean but any small particle of organised or living matter 
{Essays, Everyman’s Library, p 200). Wolf agrees with 
Huxley {Hist, of Sci , I, p. 420), and the point is settled by 
reference to Harvey’s own Latin and the translation by 
Willis.^ Spontaneous generation was an almost universal 
belief from the time of Aristotle down to Harvey and even 
later {cf. Part 11 (c) below). Much of his work was soon 
superseded by Malpighi’s beautiful researches. But, inter 
alia, Harvey corrected Aristotle’s error about form and 

* G. Harveii Opera Omnia, mdcclxvi, pub Coll of Physicians, p 182, 
Works of W Haivey, trans Willis, Sydenham Soc , Lond. mdcccxlyu, p. 170. 
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matter, maintaining that both paicnts contributed to the 
fertilised egg. He made a brilliant prophecy of the later 
discovery by von Baer that Man and mammals develop 
from eggs like other vertebrates He disproved Aristotle’s 
idea that the catamenia supplied the “matter” which the 
female contributed to the embryo; but he agreed with the 
Greek biologist in ascribing to the animal ovum a vegetative 
and a sensitive soul. And he stood for epigenesis, the gradual 
appearance of new organs in succession, as against pre- 
formation, the idea that all organs are present in miniature 
in the ovum, though this conception was advocated by many, 
especially in Germany, in the following century. 

Of more importance for our present purpose is that he 
regarded epigenetic development as due, not to mechanical 
laws but to a definite life power, an “opifex” or master 
builder, a “principium,” an internal principle or force. 
Where Harvey tries to go further than Aristotle m explain- 
ing the action of this principle and of a higher “soul” he is 
not easy to follow. But he tries not only to describe the pro- 
cesses of animal development, notably in the chick, but to 
explam the reason for this amazing phenomenon, so utterly 
unlike anything witnessed in the inorganic world. And so 
Driesch is correct in claiming that Harvey’s explanation is a 
“peculiar vital autonomy” — and that Harv'ey is a true link 
in the chain of vitalistic thinkers which begins with Aristotle, 
if not indeed still earher with the authors of the nature 
psidms. Singer considers his treatise the greatest work on 
embryology between those of Aristotle and von Baer (1796- 
1876) (Greek Biology, p. 77), though this seems hardly just 
to C Fr. Wolff. 

Harvey indeed is as significant in the history of biological 
theory as in that of biological discovery When dealing with 
particular phenomena — the working of the heart and the 
movement of the blood — ^he is the typical man of science in 
the strict sense of the word. He sticks to observation and 
experiment and ignores theories about “spirits” and semi- 
metaphysical questions. This is the Harvey rightly cele- 
brated in medicine and biology and dear to all those who 
like to see ill-founded ideas swept away by logical methods; 
from a narrow point of view he may even be made to appear 
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as one of the many who are described as dealing “death- 
blows” to vitahsm at various times and in various ways. 
But the appeal ance and development of a new organism in 
an indifferent physical world is quite a different thing from 
the isolated study of the action of one of its organs. So in 
the De generatione we see another aspect of the same great man, 
still scientific but here groping for adequate explanation not 
of a mechanical problem but of an intricate system of inter- 
related phenomena. Few great biologists can be scientific 
only. They are drawn into philosophising, whether they wish 
it or not. Such was Harvey when he studied the evolution 
of an organism as a whole; and the philosophy he combined 
with his science was that of one who finds that mechanism is 
not enough, however difficult may be the formulation of an 
adequate hypothesis. 



THE SEVENTEENTH AND EIGHTEENTH 
CENTURIES (AFTER HARVEY) 

“ Naturam expellas furca, tamen usque rccurret. ” 

Horace (Epistles, T, lo). 


CHAPTER I 

SPECIFIC VITALISTIC THEORIES UP TO STAHL 

(i) R. Descartes {French: i^gS-iS^o); the body as a machine; and 
the seat of the soul 

Once again we come to a man of outstanding importance 
in the history of science, “a great mathematician ... an 
accomplished physicist . . . above all ... a philosopher.” 
But, unlike most of those who play an impoitant pait m 
this history, he was not a biologist {cf Foster, Lectures on 
Physiology, p 56) 

Nevertheless, L’ Homme (pub 1662) was “the first text- 
book on physiology” (Foster, p 57; Singer, Hisloiy of 
Biology, p. 354); It was written because “it was part of his 
philosophy to show that man consisted of an earthly machine 
inhabited and governed by a rational soul.” Much of its 
teaching was retrograde, yet its general ideas influenced 
physiological thinkers long after Descartes had passed away 
and physiology had made much progress in matters of 
detail (Foster, p. 56). Descartes did not publish it while 
ahve for tear of conflict svith the Church, which had lately 
condemned Galileo’s teaching. And the “machine” which 
he discussed was not the human body itself but one exactly 
like it ! ( Tractatus de Homine, Pars Pnma, I and II.) 

He gave a “refutation” of Harvey’s De Motu Cordis in his 
De Formations Foetus, Secunda Pars. He admitted Harvey’s 
discovery of the two circulations but not the “keystone” 
of Harvey’s argument— the propulsion of the blood by the 
systole of the heart; and he maintained the ancient idea of 

18 
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the innate heat of the heart as causing the expansion of the 
blood that enters it But his phvMologv i\as concerned 
mainly with the working ol the brain and ncivous system 

“The most agitated and Miilied parts of the blood, being 
carried to the brain by the arteries constitute . . a very 
subtle air or wind, called the animal spirits, which dilating 
the brain fit it to reccne the impiessions of external objects 
and also those of the soul, that is to say, fit it to be the seat 
of common sensation, of imagination, and of memory. This 
air or these spirits then flow fiom the biain along the nerves 
into all the muscles, wheicby they dispose the nerves to serve 
as the organs of the cxtem.al senses, and finally distending 
the muscles gne moiomcnt to all the limbs” (quoted by 
Foster, op at , p 59"^ 

So Descartes uses Haney's teaching about blood circula- 
tion and Aristotle's ideas of innate heat in the heart and 
ammal spiuts, together with piiiely imagmaiy details of his 
owTi, for his own purpose, w Inch is to show that the human 
body works as a machine to which a rational soul, comparable 
to that of Aristotle, is added. The relevant details of his 
exposition are given fully by Foster [op at , pp. 258-66) and 
need not be repeated here. He conceit cs of the nerves as 
hollow tubes along which the fluid, gaseous, animal spirits 
pass to distend muscles and so make the limbs move But, 
also, these supposed tubes liave a fibious marrow (coiiespond- 
ing to the modem idea of a nen e); sensation is conveyed 
along these fibres centripetallv to the brain. In response to 
these sensations the animal spirits m the brain arc stirred to 
action and flow' down the ncncs to pioduce reflex action. 

This IS mechanistic — put a penny in the slot and a packet 
appeals at the opening Yet, in his way, Descartes was a 
Mtalist; he was a iTtahst as regards Man but a mechanist 
regarding animals and, of course, plants As Singer well 
points out (E.B., 7, 249), there is no reason to doubt his sin- 
cerity not merely as a Christian believer but as an orthodox 
adherent of the Roman Catholic Church during one of its 
most dogmatic periods. Not merely the existence but the 
essentiality of God for the creation and maintenance of 
nature and of the spirits of men was the cardinal point in 
his philosophy [Discoutse of Method III and V, Principles of 



20 


VITAT ISM 


Philosophy— Appendix: Pioptu /-///) So,though animals might 
be explicable on mechamstic grounds, for Descartes Man is 
entirely different He possesses a soul, ivhich is rational as 
well as immortal, and is wholly inexplicable by mechanistic 
arguments. 

Descartes t hinks out for himself a connection between 
soul and body. The seat of the soul is the pineal gland. The 
sensations received along the ner\cs by the animal spirits 
in the cavities of the brain not only affect the rest of the brain 
to effect reflex actions but also impinge upon the pineal 
gland and so put the soul in contact with its material sur- 
roundings and give rise to true ‘“ideas ” Similarly the soul’s 
ideas can be translated into bodily action So the soul can 
act on its material surroundings through its bodily machine; 
and the actions of this machine are due sometimes to impulses 
caused by the thoughts or wishes of the soul, located in the 
pineal gland, sometimes to its own automatic leactions to 
external stimuli (Foster, pp 264-5) 

But, as physiology progressed, the pineal gland was seen 
to be no more suitable for the location of the soul than 
the duodenum {cf. Van Hclmont below); and though 
Descartes’ general exposition of the functioning of the 
nervous system does not require very drastic alteration to 
adapt It to modem views (Foster, p 266) the alteration 
would abohsh the animal spnits in the brain catitics which 
formed a link between the pineal soul and the body In an 
opposite direction, few physiologists have appreciated the 
philosophical reasons which led Descartes to believe in the 
rational soul itself as an entity of indubitable authority. 
And his dualism of body and mind (or soul) ultimately 
depended upon the constant intervention of God to har- 
monise the functioning of two radically different things. 
Consequently, it became only too easy to omit the spiritual 
side of his dualism altogether and turn his system into a 
monism of a strictly mechanistic type {cf. E B. 7, 249c, 25id) ; 
hence his powerful influence directly encouraged an anti- 
vitalistic outlook in biology. Driesch in his History of Vitalism 
mentions Descartes as, with Leibniz, adopting a mechanistic 
view of hfe, except, however, for the soul of man. 

It is beyond our present purpose to do more than briefly 
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observe that, by an opposite process, the exaltation of his 
doctrine of the supreme importance and independence of 
the human rational soul tends to lead to idealism in phil- 
osophy, even possibly to solipsism; though Descartes’ 
religion and science saved him from these (E B 7, p. 248; 
cf. Ill(i), i, below). 

In his address to the British Association, Zoology Section, 
1934, Dr, E. S Russell ably outlmed and criticised the bane- 
ful effect which Descartes’ well-intentioned dualism has had 
upon biology long after other sciences have adopted a more 
synthetic attitude Thus in 1887 T H Huxley put forward 
the “postulates” and “laws of Nature” of nineteenth- 
century materialism as the basis of ph^ sical science {Methods 
and Results, 1893, pp, 60-61), and placed the consciousness of 
“brutes” at least as an epi-phcnomenon or “collateral 
product” of the working of “the mechanism of their body” 
{ibtd , p. 240). This idea of the animal as “a physiological 
automaton” was “explicitly stated by Descartes in his 
Discourse on Method Pavlov stated, “Our starting-point has 
been Descartes’ idea of the nervous reflex” {Conditioned 
Reflexes, 1927, p 7). Thus, as Russell says, “this abstract 
duahsm has saddled us with the theory that the orgamsm is a 
machine . . . the scientific study of behaviour thus becomes 
divorced from natural history and ceases to take its rightful 
place as an integral part of zoology” {Advancement of Scunce, 
1934, p. 87). 

Many forms of vitahsm rose and fell after Descartes; but 
the mechamstic theory of life has continued to draw in- 
spiration from his teaching, as Henderson states {Fitness of 
the Environment, p. 284). In Part Ill(d) I shall endeavour to 
show that the ideas of Descartes about biology are about to 
follow those of Aristotle concerning physics into the historical 
mches suitable for theories which have retarded progress in 
particular sciences for hundreds of years. 

(ii) Van Helmont {Dutch: 15^2-1644) ; bias, etc. 

Van Helmont’s mental ancestry goes back at least two 
generations, as is well shown by Foster, whose Lectures (V) 
supply the main background for this section. Valentine was 
a Benedictine monk who taught many things about alchemy 
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and physiology in the latter half of the fifteenth century. 
He “apparently” founded the idea of the three “elements’ — 
salt, sulphur and mercury — ^which donunated chemical 
thought for a century {cj R Boyle’s Sceptical Chymist, which 
criticised Valentine’s views) More important for the 
history of vitalism was his notion of certain “embodiments 
of energy” or psychic forces through which the Supreme 
Being governed chemical changes and other natural events; 
these he termed arckaet. The famous Paracelsus (Swiss, 
c. 1 490- 1 541) also taught many things, some utterly false or 
patently absurd, like the ti ansmutation of base metals into 
gold {Cambridge Readings in the Literature of Science, pp, 
75-83) , others, like the use of laudanum, useful and true. 
But his cardinal ideas were those of Valentine — ^the three 
elements and the arckaet There is a chief archaeus — “‘that 
exalted invisible spirit, that occult virtue which is the arti- 
ficer of nature in everyone’”, there arc minor arckaet too 
In health the chemical processes of the body “are rightly 
governed by the archaeus”', durmg disease it fails; at death it 
is lost. 

Here is a theory supposedly independent of the two great 
traditional systems of Aristotle and Galen as of the then 
modem advances of Vesalius and Harvey It was revived 
and developed by Van Hclmont, who studied widely in his 
youth, concentrating finally on medicine and chemistry, 
lake Descartes, he was a devout Roman Cathohe, and his 
chief physiological work only appeared after he was dead. 
He was influenced by Vesahus, not by Harvey or Francis 
Bacon; but much by Paracelsus He made interesting 
experiments in chemistry and botany, especially concerning 
“gas” and water, which he substituted for the three elements 
of Valentine as the constituents of all things; he made 
fermentation the basis of physiology, and had many sound 
ideas on nutrition. Despite Harvey’s teaching, he believed 
in the perforated cardiac septum, which was strangely retro- 
grade; but he was the first to deny the existence of “ animal 
spirits” — a great advance in thought. Muscles, for him, 
were nourished by “vitalised blood” not by cerebral 
vapours. 

To all this rational science, imperfect or not, he united 
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one of the many fantasies which have tended to discredit 
vitalistic ideas generally. 

In addition to a sensitive soul, properly speaking found in 
man only, like Descartes’ rational soul, he conceives of 
subordinate archaei or vitalistic forces, which he terms Bias. 
Various bias or archaei function during the various stages of 
digestion and assimilation. A spvtlus vitalis in the left ven- 
triele imparts vital spirits to the blood whieh flows through 
the arteries and also passes through the septum into the right 
ventricle to begin the vivifying process there ! The result is 
described as changing the blood “into the vital spirit of the 
archaeus” (Foster, pp. 137-41) Ferments directly cause 
bodily changes , they are controlled by imnor bias or archaei, 
these by a chief archaeus, that in its turn being subordinate to 
the sensitive soul, “ the prime agent of all the acts of the body.” 

This soul controls movements and sensations by means of 
the brain and nerves but is actually seated in the pylorus, 
near the heart and stomach Yet it is “not there in a local 
manner ” but like light m a burmng candle. There is, further, 
an immortal mind (the “soul” of religious phraseology) to 
which the mortal sensitne and mothc soul is as it were a 
husk or envelope, and this mens immoitalis controls the 
sensitive soul as the latter does the various bias {op. cit., 
p. 142). 

The difference between the theories of Descartes and van 
Helmont is that, while both postulated a soul or mind as 
supreme in man, m Descartes it was so distinct from the body 
that later thinkers could discard the soul and retain Descartes’ 
very complete picture of the body as a self-acting machine. 
But such a separation was impossible for van Helmont’s 
ideas; take away all the bias connected by grades with the 
sensitive soul and its indwelling immortal mind and no causes 
for the simplest bodily functions remained. Hence, bizarre 
and fantastic as van Helmont’s views are in themselves, they 
are in the line which led to the later, more refined, ideas of a 
vital principle or force as a form of energy similar to chemical 
and dectrical energy and the like {cf. HI (A), 3, iv). 

But both these teachers confined their vitalism or animism 
to man; plants and animals for both were mechanisms, 
except that van Helmont allowed that they possessed a 
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certain vital power which might perhaps be a “forerunner 
of the soul” [op at, p. 141) 

Driesch considers that, though \'an Helmont condemned 
Aristotle as “ridiculous and ignorant of nature,” his idea of 
the archaeus controlling the course of development is 
“really and unmistakably the Aristotehan teaching — only 
less profound” [Hutoiy of Vttahsm, p. 25) His quotations 
from van Helmont appear to support this \ieis to some 
extent; but, broadly speaking, it is difficult to see any close 
similarity between their views; and the details are utterly 
different. Van Helmont rushes m where Aristotle does not 
tread. 

(iii) G. E Stahl [German: 1660-IJ34); “vitalism" 

Stahl is best known to scientists as the originator of the 
phlogiston theor>-, which doimnated chemistry' till its over- 
throw by Lavoisier a hundred years later But though “an 
accomplished cheimst” (Foster, p 166), he was also a Court 
physician and a professor of medicine 

Syhdus had opposed v an Helmont's physiology’ of bias and 
archaei “and maintained that the events of the living body 
were ordinary chemical events ”, just as Borelh had shown 
that many of them, at least, could be treated in a mathe- 
matical or physical way {cf Ch. 2. i, belowj 

But Stahl, though omitting tdl the minor vitalistic forces 
of van Helmont — the bias and archaei — re\ n ed the funda- 
mental ideas of his sensitiv e soul and immortal mind in a 
simpler way which took account of the slowly increasmg 
chemical knowledge of the time Stahl taught that the sensi- 
tive soul w'as Itself the immortal spiritual part of man, ivhich 
also, however, “presided over” or directly controlled all 
chemical or physiological changes in the living body Hence, 
such changes w'ere essentially different from any correspond- 
ing reactions which could be obtained by experiment in the 
laboratory (Foster, p. 167). 

In addition to these two differences, primarily concerned 
with man — the agreeable absence of archaei and the single 
soul as opposed to the mortal soul centred m the pylorus 
with its distinct immortal kernel, Stahl’s v lews differed from 
those of van Helmont in another important particular. 



THE SEVENTEENTH AND EIGHTEENTH CENTURIES 25 

Van Helmonl, rather like Descartes, drew his boundary 
principally betsvecn man on the one hand and all the rest 
of nature on the other Stahl’s “fundamental position” 
should appeal to all biologists He held that the important 
division came betiveen li\ ing things, simple or complex, and 
non-hving things (Foster, p 167) Nevertheless, his argu- 
ments are concerned almost entirely with man, as is natural 
for a physician 

He taught, very properly too, as far as it goes, that all 
hving things, though capable of change, maintain their 
identity for a defimte period, whereas non-living things that 
undergo change do so without any counteracting power of 
stabihty. He further insisted that the living body does not 
exist for Itself but for the indwelling soul, which controls 
metabohsm (though Stahl does not use this modern ex- 
pression) for Its own “uses and ends ” Hence, “vital activi- 
ties . are truly orgamc acts carried out in corporeal instru- 
ments by a superior acting cause” and “cannot . . . 
have any real hkcncss to such movements as, in the ordmary 
way, depend on the material condition of a body and take 
place without any direct use or end or aim” (Foster, pp. 
168-9, from Stahl’s De mixti et vivi corporis leia diversitate) . 

There remains a difficulty which is still unsolved. Either 
the human mind or spirit is an epi-phcnomcnon, a sort of 
by-product of bodily phenomena, as Huxley suggested, 
thought “a secretion of the brmn as bile is of the liver” 
(K Vogt), or thought, mmd, soul, are independent. If 
this is so, the correlation between mind or soul and body 
requires explanation or, at least, description. Their occur- 
rences may go on independently, but simultaneously, 
without understandable connection — ^unless, as Descartes 
thought, God orders this psycho-physical parallelism. If 
not, there is a connection. Descartes tried to give a physical 
explanation, though he only centred the difficulty inside the 
pineal gland. Vtin Helmont interposed a hierarchy of archaei. 
Bergson and Eddington {vide Ill(i) 2, lii and iv) suggest that 
the connection occurs between spirit and the cerebral cortex. 
But still somehow, somewhere, it must occur. Stahl wisely 
discarded the earlier crude attempts of his own century to 
explain the bridging of this gap and proposed motion as the 
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solution “By motion indeed the soul carries out all its 
doings”; by motion the soul, nhich is diffused over the whole 
body, controls and modifies all the physical and chemical 
changes that admittedly occur in the body (Foster, pp 169, 
171. 295). 

It is usual to speak of Stahl as a vitahst, even as the founder 
of the vitalistic school m physiology (cf. Singer, E B. 15, p. 
20id). Foster (p. 171) and Dricsch (p 36) term him an 
“animist”; but Driesch admits that the distinction is not of 
great importance. 

It IS easy to dismiss Stahl’s thcoi y as mere imagination, or 
at least as wrong in some parts and obscure in others. The 
point is that for Stahl the body was exactly the reverse of a 
machine, and he used all his mfluence as a Court physician 
and a professor to uphold this view in his Theoria medica vera 
Driesch considers his “The fiist great scientific system of 
theoretical biology after Aristotle ” It was, he says, free 
from mysticism (though Singer, op cit , takes the opposite 
view), and it was planned on a gcncious scale with “pre- 
vision of all logical consequences arising out of his views”; 
though he “neglects everything which is in any way incon- 
venient to hr heories” {History of Vitalism, pp. 35-6). 
Driesch, however, sees no advance beyond Aristotle’s views, 
rather, indeed, a retrogiession Singer rightly views Stahl’s 
ideas as, in the main, a return to those of Aristotle; the sensi- 
tive soul of Stahl IS Xhc psyche of the latter, though, as Driesch 
says, with the vegetative and sensitive parts left out and only 
the anima rationalis left [ibid , p 32). 

Stahl’s vitsdism was largely based upon erroneous ideas 
about bio-chemical happenings, and so became liable to the 
destruction which overtook such views later {vide 11(6), i); 
he made little use of embryology or morphogenesis or of the 
study of organisms in nature {cf. Ill(d), i and 2, m), while 
some arguments now available for vitalism, such as entropy- 
resistance and biogenesis, were unknown in his day. His work 
is therefore very incomplete even in comparison with that of 
Aristotle {cf Ill(d), 2, v). But, though his arguments for 
animistic vitalism are largely wrong in fact, Stahl showed 
an appreciation of the subtleties of metabolism which modem 
bio-chemists sometimes miss {cf HI (6), 3, iv) ; and he was a 
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noteworthy exponent in an age of growing mechanism of the 
great doctrine of the independence of the human mind 
which modem psychology has revived {cf III(6), 2, iii, and 
Ill(rf), 2, iv) And his insistence on the identity amid 
change of living things and their distinctness from the in- 
organic are important vitalistic ideas which later mechanists 
failed to appreciate, and which redeem his vitalism from the 
charge of being purely “animistic” {cf. Rddl, Geschichfe der 
Biologischen Theotten, i, 79 seq,). 



CHAPTER 2 


OTHER INFLUENCES UPON VITALISTIC 
THEORY, FROM HARVEY TO a.d. 1800 

(i) The development of mechanics and chemistry in the seventeenth 
century : Newton, Borelli, Sylvius. 

At the Renaissance Aristotle, like other Greek authors, 
became more widely known, and in biology his influence 
strengthened vitalistic ideas. But Harvey’s studies in embry- 
ology were less known that his work on the heart and the 
circulation, and this had a mechanistic effect upon his 
contemporaries in the seventeenth century. 

Meanwhile, other branches of science began to develop or 
come into being Despite great opposition, Galileo (Italian, 
1564-1642) founded modem mechanics, and incidentally 
showed that in at least one field of thought Aristotle had 
been a very erroneous guide Though Copernicus had 
pubhshed his De Revolutiombus in 1543, the year of his 
death, its implications began to be generally understood 
only after the complementary discoveries in astronomy of 
Galileo, Tycho Brahe (1546-1601), and Kepler (1571- 
1630). 

Long before the close of the seventeenth century the 
gemus of Newton (Enghsh- 1642-1727), through independent 
discovery and the correlation of previous work, established 
the laws of mechames and of astronomy which were un- 
questioned till the twentieth century, and, with them, a 
tremendous conception of umformity in nature which became 
accepted by all educated people. The Supreme Being and 
Creator was acknowledged; but it was shown that — ^in 
inorganic nature at all events — He acted indirectly, so to 
speak, through sequences of antecedents and consequences 
which were, apparently, unchecked by any divine inter- 
ference. These conclusions were inextricably connected 
with mathematics, of which all men recognised the umver- 

a8 
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sality, though then, as even now sometimes, they did not 
realise its abstract nature 

Descartes’ duahstic attempt to combine belief in the 
independent mind or soul of man with a rigidly mechanical 
view of physiology, especially of the brain, has been dealt 
with. Others adopted the more restricted method of Harvey, 
which was to deal with some definite part of the body and its 
functions and to show that tlicsc could be described success- 
fully without recourse to supposed vital forces or spirits. 
The laws of mathematics and physics were first applied in 
this strictly scientific way, free from the false assumptions 
which Descartes made to complete his synthesis, by Sanc- 
torius (1561-1636) and soon aftciwards by Borclli (Italian 
1608-1679) and his followers, who became known as the 
iatro-physical school. 

Borelli was primarily a mathematician and a physicist, 
but he viewed physiology as a “part of physics” and dealt 
successfully with some of its problems and less successfully 
with others on purely mechanical lines His interesting 
friendship with Malpighi influenced him to consider bio- 
logical matters His great book, De Motu animalium, tvas not 
pubhshed till after his death Foster gives an interesting 
account of him m his Lecture III 

Incidentally it is worthy of remark that posthumous 
pubhcation of the leading works of scientific writers was 
common at this period ; others are . Descartes — U Homme, van 
Helmont — Ortus Medicinae, Swammerdam — Bibha Natmae, 
Camerarius — De sexu plantarum The brilliant work of the 
Rev. S Hales (1677-1761) in animal and plant physiology 
deserves biief mention for its successful application of 
mechanics to numerous suitable problems 

Long after mechanics and astionomy had reached sub- 
stantially the form they maintained till the end of the 
nineteenth century progress in chemistry was slow and 
fitful (cf. I, li above). 

But all the chemical science available in his day was 
applied by Sylvius (German: 1614-1672) to the study of 
physiology. He made no great discovery; but he was an 
able teacher, a follower of Harvey, and a learned man. As 
a chemist and physician he continued van Helmont’s work 
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in physiology on the chemical side, with minor differences 
which do not concern us here {cf Foster, Lecture VI). 
But he broke away completely fiom the latter’s views on 
archaci, sensitive soul, and so on Thereby he did good 
service to science; there is much in physiology, plant and 
animal, which can be studied by chemical methods, as the 
progress of modem bio-chemistry shows, and no vitalist 
can object to the application of chemical science as far as 
possible to the study of living organisms. The history of 
vitalistic thought abounds with illustrations of the need for 
constant correction by comparison with chemical and 
physical science. 

On the other hand, as Singer (E.B 15,201) and Foster 
[op. cit., p 1 51) agree, in thinking that all problems of life 
can be completely interpreted m terms of chemistry, Sylvius 
went too far. His iatro-chemistry, like the latro-physics of 
Borelli and the vitalism of Stahl and others m this century, 
represented one approach to the understanding of living 
thmgs, but not the only one 

Still, It was significant that mechanist views could now 
find support from the elementary science of chemistry as 
from mechanics, especially among those not given to the 
study of orgamsms as living wholes. The study of the 
chemistry and mechanics of isolated tissues and orgains has 
indeed very frequently lent itself to mechanistic interpre- 
tation {cf. 11 (A), i and 11; III(A) 3, ii, below). If a part is 
abstracted from a whole it is not unhkely that its functions 
will be found to be quite differently conducted from those of 
the whole itself. 

(ii) Descriptive and systematic biology. 

During this period the number of plants and animals 
known to science became vastly increased. Explorations of 
little known countries were made; discoveries of new lands, 
notably of Australia and many islands, introduced new types 
of animals altogether; intensive study by br illian t naturalists 
revealed many hitherto unnoticed species even in such 
countries as England Ray, Willughby and Gilbert White in 
Britain, Belon and Rondclct in the Mediterranean region, 
Linnaeus in Scandinavia, and Cook and Banks in Australia, 
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may be noted as students of animals, while numerous 
botantists multiplied the number of plant species noted by 
C Gesner and the German botanists of the sixteenth century. 
These huge increases in animals and plants called for new 
methods of classification, such as those of Ray and Linnaeus 
and the French botanists 

Much of the natural history of this epoch was concerned 
with collecting and classifying new forms rather than with 
observation of living beings m their habitat, though this was 
done too. The total effect upon vitalistic theory was not 
strongly marked, but there was an effect and it supported 
vitalistic beliefs. Whatever chemists and physicists might 
make of laboratory expenments and pathological observa- 
tions, the old distinction between living and non-living things 
seemed sound; ammals were animals and plants plants all 
the world over; they developed, lived and reproduced as 
organisms and behaved qmte differently from inanimate 
objects. This extended knowledge did good service too in 
banishing mediaeval beliefs in monsters like the roc, the 
phoenix, and such like Though many new organisms were 
discovered, they differed from more familiar ones in degree, 
not in kind. The ordinary laws of physics and chemistry, as 
far as they were known, were valid in the world of life, even 
if other laws were valid too. 

(iii) Philosophy; Leibniz; Kant, etc 

Descartes, a great philosopher and a poor biologist, 
conceived of man in a duahsm which became a basis for 
later mechanism. Newton’s mighty influence tended to be 
used in the same direction, as we have seen. He was not a 
biologist but a believer in mechanics and in God as revealed 
in Christianity and as the necessary First Cause — a similar 
position to that of Descartes. 

Leibniz (1646-1716), too, believed in God {cf. Wolff, 
History of Science, pp. 630, 663, 672) and in mathematics, 
but he developed a system of philosophy which influenced 
biology as well as other branches of knowledge. In his 
bachelor’s dissertation he supported the nominahst opinion 
that “individuality is constituted by the whole entity or 
essence of a thing” (E.B. 14, 884), which is vitalistic; and 
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more generally than Galen, he taught that, on the whole, 
all was for the best in the best of all possible worlds His 
pecuhar philosophical system — monadology — might seem to 
have no particulai bcaiing on biological theory But, despite 
his personal beliefs, Leibniz’ philosophy, like that of other 
great philosophers of the period, v\as largely mechanistic 
For him, as for Newton and Descartes, Nature was “a 
mechanical system, arranged by God ” They distinguished, 
like many after them, the spiritual sphere from “nature ”, 
so in a metaphysical sense they were anti-materiahsts : 
and Leibniz particularly is at great pains to establish clearly 
the relation between these two great divisions of Being But 
as far as nature itself, life included, is concerned, Descartes 
and Leibniz and their followers behaved like materialists” 
(Driesch, Htstoiy of Vitalism, pp 23-4) 

This mechamstic trend in philosophy was strongly de- 
veloped in the eighteenth century by Laplace, Legrande 
and others, and was popularised by such writers as Voltaire. 
It was stoutly applied to man, and inferentially to biology m 
general, by de la Mettric, French physician to Frederick 
the Great, in his book Man a Machine (1748), which was 
rephed to by an anonymous author m Man not a Machine. 
De la Mettrie seems to ha\ e been the first author in Christen- 
dom to adopt a purely mechanistic \icw of man’s being; 
but “by attacking Christian morality as well as theism he 
incurred widespread reprobation” (Whetham, History, p. 
215J C/" J Needham, pp 1 14-15) 

P J G Cabanis (1757-1808), also a Frenchman, is an 
admirable example of the conflict between mechanism and 
vitalism during his period A supporter of the French 
revolution, he first enunciated the view, adopted by Vogt 
and others a hundred years later and still current in certain 
circles to-day, that “the bram produces thought” as the 
stomach, hver and other glandular organs produce their 
typical secretions, “and the sub-maxillary gland secretes 
the saliva” (J Needham, p. 115; for refutation of this 
fallacy see III ( 4 ) 2, i and lii). Yet, though he first adopted 
the purely materiahstic views by which alone he is generally 
known, Cabanis eventually “went over to the vitalistic 
school of G. E. Stahl” (E.B. 4, 495c; 18, 711a). 
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E, Kant (German, 1724-1804), like many other great men, 
changed his opinions, or at least his expressions of them, 
considerably from time to time It suffices here to note 
Driesch’s careful summary of Kant’s relation to vitalism. 
Though “he leaves much undecided and writes very in- 
definitely” he IS “very far from being a dogmatic ‘paiallclist’, 
or ... a phenomenahstic materialist ” He speaks of the dust 
of which man is composed “as an animal creature” returning 
to dust “after having been endowed for a short time with the 
force of life” {Histoiy of Vitalism, pp 91-2) So Driesch 
believes that Kant can be considered as “in the case of man 
and his actions . . indubitably a vitahst, while as regards 

the facts of orgamsation he is only problematically so” 
{op. cit , p 86) 

It is well to bear in mind, as Driesch pomts out {History of 
Vitalism, p. 25), that though in the philosophy of the seven- 
teenth and eighteenth centuries “the whole theory of nature 
is under the influence of mcchames” so that the theory of 
life was, or tended to become, mechanical too, nevertheless 
Descartes and Lcibmz, like Newton and Locke, were not 
“metaphysical materialist.” For them “the things which are 
seen [though interesting, even wonderful] are temporal; 
but the things which are not seen aie eternal” (2 Cor. 4, 18). 
To such stout behevers in a spiiitual world, who devoted 
much time and ability to religious as well as to scientific and 
philosophic matters, there was no a prion objection to vitalism 
or to the possibility of supernatural intervention m mundane 
affairs. The latter indeed was part of Descartes’ philosophy. 
They were not biologists and so were not immediately con- 
cerned with the possible existence of vital forces; their phil- 
osophy rightly suggested that mechanical explanations should 
be found for the phenomena of life as far as possible; but it 
was not essentially opposed to such ideas as Stahl’s sensitive 
soul or to an “essential life force” indicated by the growth of 
knowledge of embryology. ^ 

(iv) Embryology; the classical microscopists ; pre-formation; 
epigenesis ; C. F. Wolff; Haller. 

From Harvey onward there is a continuous stream of 
workers who speciahse in one of the fundamental studies of 
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organisms, that of their development. Their views are of 
great importance, one reason being that they are compelled, 
at least m the early stages of becoming, to consider the 
organism as a whole. 

Harvey’s great work on embryology was soon surpassed 
by that of Msilpighi (1628-1694) as regards observation, 
though “Harvey’s work is more philosophical” (Locy, 
p 197) “The first adequate description” of the develop- 
ment of the chick, copiously illustrated by excellent drawings, 
was given by Malpighi , “and where he left it, so for the most 
part the matter remained until even the mneteenth century” 
(Foster, p 92) 

Malpighi was one of the great pioneers of microscopy, the 
others being Hooke (1635-1703), Grew (1628-1711), Swam- 
merdam (1637-1680), and Leeuwenhoek (1632-1723); their 
work was continued in the eighteenth century by Lyonet 
(1707-1789) and others (cf Locy, Chapters IV and V). 
Their discoveries had a great influence upon the development 
of biological theory 

Malpighi (1661) and Leeuwenhoek more completely in 
1686 observed the capillaries and the blood coursing through 
them, thereby completing the proof of circulation of the blood 
which Harvey had foreseen This fimshed the demonstration 
of the erroneous teaching of Galen and so of the crude vital- 
istic theory based upon it But the destruction of the false 
is an essential step m the discovery of the true. 

They vastly extended the scope of biology; the Protista 
were discovered and described; Leeuwenhoek even suc- 
ceeded in observing bacteria, the amazing complexity of 
the intimate structure of large organisms was described in 
numerous beautiful monographs and “anatomies”; Swam- 
merdam first saw and described blood corpuscles, Hooke the 
cellular structure of plants. Spermatozoa were discovered by 
Leeuwenhoek and his student, Hamm, about 1677, though 
Hartsoeker claimed priority. Knowledge was increased and 
the need for a corresponding development in theory made 
apparent. The unquestioned belief in spontaneous genera- 
tion was first challenged by Hooke, Swammerdam, and 
Redi (see 11(c) below). 

Embryology passed from a macroscopic to a microscopic 
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Stage, and so the way was opened for the great “ evolution 
epigenesis controversy of the eighteenth century with its 
important bearing upon vitalism. 

“Evolution’’ m this connection means the unfolding or 
development in the embryo of structures already present in 
the generative element or cells. But to avoid confusion with 
theories of descent the term pre-formation will be used for 
this theory. It is comparable to the growth of a twig from 
the bud of a plant, whereas epigenesis, the development of 
qmte new structures, not present as such in the ovum or 
spermatozoon, is analogous to the original formation of 
adventitious buds on plants Some believers in this evolution 
or pre-formation held that the adult form was present in 
miniature in the sperm; these are known as “animalculists,” 
and some of them published sketches of the sperm as a 
homunculus with a flagellum Among them were Leeuwen- 
hoek, Hartsoeker and Leibmz 

Swammerdam and Malpighi, followed by Bonnet and 
Haller, were “ovulists”; they believed that the ovum 
contained the adult in miniature, or at least representations 
of the tissues and organs of the adult In such cases, e g.. 
Bonnet and Leibniz, the theory of emboitement followed logic- 
ally. If the adult is pre-formed in the germ, its generative 
organs are pre-formed with the others, so are its germ cells, 
with the next generation already pre-foimed in them; and so 
on ad infinitum This view imphes the fixity of species and the 
special creation of each, not of its first parents only, but of all 
its generations once and for all {cf. Locy, pp. 207-11, and 
Driesch, History of Vitalism, pp 38-44) 

Epigenesis means the gradual development from the un- 
differentiated ovum of structures not present in it in any 
material way; though the indisputable facts of heredity show 
that in some way each germ possesses the power of producing 
certain definite tissues and organs. First advocated by 
Harvey (?.».), this theory was ecUpsed for a time by pre- 
formation; but in the eighteenth century it was advocated by 
Needham, Maupertius and others. 

Buffon believed in epigenesis for the germ and in pre- 
formation for its development; but in order to avoid the 
obvious difficulties of emboitement, he had to develop a peculiar 
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theory rather similar to that of Danvin’s now quite dis- 
credited pangenesis Because of this Dricsch claims him as a 
vitalist {op at , pp 40-43) , but the particles which Buffon’s 
"moule intime’" or vital foicc arranged in the genital organs 
are so unlike anything knotvn to science that a bare mention 
of his theory is sufficient Anyhow, it fails, like the emboite- 
ment form of pre-formation, before observation with high- 
powered microscopes. 

T. Needham’s theory is bound up with belief in abio- 
genesis (see 11(c) below). Maupertuis, who was a mathe- 
matician, follotvcd Buffon in his theories about embryology. 
But the first chief exponent of epigenesis after Harvey is 
C F. or F K. Wolff,^ the publication of whose Theoria 
Generatioms in 1759 marks an epoch in the history of biology. 
His Deformatione Intestinonim developed the germ-layer theory 
in more detail. Although opposed at the time by Haller, 
the great physiologist, and by Bonnet, the great zoologist, 
Wolff’s ideas were developed later by Von Baer, Meckel, 
F. M. Balfour, and others to form part of the basis of modern 
embryological -work. C F. Wolff stood for gradual differen- 
tiation of parts from the undifferentiated germinal elements 
(knowledge of cell nuclei and protoplasm, etc , was not 
acquired till the nineteenth century) ; so gradually the pre- 
formation theory, with its emboitement corollary, disappeared. 

Yet Locy considers Wolff’s “theory of development was 
entirely mystical and unsatisfactory” {op cit , p 210). 
While opposing emboitement or the physical theory of inherit- 
ance he was as ignorant as others of his time of the con- 
tinuity of germinal substance (Locy, pp. 224-5) ^^td of the 
“inherited organisation of great complexity” with which 
“the egg and the sperm arc endowed ” 

Locy’s criticism is too severe; yet Wolff’s ms essentialis 
corpoiis, though a striking idea in the history of vitahsra, is a 
crude conception compared with the entelechy of Driesch, 
for It was supposed to act on inert germinal material and 
practically create the new organism. Driesch {History of 
Vitalism, pp 46-9) is, however, highly appreciative : 

^Wolff’s Christian names are given as “Caspar Friedrich” by Driesch 
{Histoty of Vitalism, p 44) and Sachs (Book II), but as “Friedrich Kaspar” by 
Locy and others. This confusion of names andimtials is regrettable. 
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The VIS essenttalis directs the passage of nutriment from the 
egg into the embryo when it has no heart or arteries and 
“pre-formed canals” are not visible. “It directs the epi- 
genesis as later it will direct the conservation of the mature 
body.” There are indications in Wolff’s writings of a quite 
modem outlook; he sees that his “essential force” can unite 
with the agents of the morgamc, and he does not claim to 
“explain” anything, only to have “investigated the connec- 
tion which exists between machine and life,” but not “the 
causes of the latter where it has no relation to machine.” 
The developing substance works “as far as it is endowed with 
certain qualities” not “ as far as it is constructed in a certain 
way.” Thus Vitahsm, or what Driesch terms dynamic 
teleology, is clearly expressed and static teleology “expressly 
rejected ” So Driesch finds Wolff “the cleverest and deepest 
representative of Vitalism since Aristotle.” 

Driesch claims that “all behevers in epigenesis are vitalists” 
{Histoiy of Vitalism, p 39), and appears to suggest, implicitly 
at least, that pre-formatiomsts are not {ibid , pp. 49, 53). A 
critical exarmnation of this position may well be made here. 

The first point to notice is that, whatever explanatory 
theory was adopted, the embryology of animals was seriously 
studied by Harvey, Malpighi, Wolff and their contemporaries 
for the first time since Aristotle’s De generatione two thousand 
years before Little was known about the development of 
plants till the great German botanists arose in the nineteenth 
century (see Sachs’ History of Botany). 

To the physiology and philosophy upon which Descartes, 
Stahl and others based their biological theories a new 
foundation for such theorising was thus added. The tissues 
of adult animals, including Man, were recognised as arising 
in some fashion from a very small embryo, in the first place 
an ovum, m which they were originally ather non-existent 
(epigenesis) or existent in a different and greatly reduced 
form (pre-formation). But — somehow or other — ^from the\ 
ovum of the hen a chick developed; in the human uterus a 
baby appeared; and so on It was quickly recognised that 
nothing like this was known in morgamc nature, though 
analogies were drawn between the growth of animals and 
that of dendritic forms of inanimate matter, notably by 

D 
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Maupertuis in his Venus physique (1746) , but Maupertuis held 
the luoiustic idea that inorganic particles possess some of the 
properties of living matter {Fiom the Gteeks to Darwin, p. 113; 
Driesch, op at , p. 143) 

Harvey {qv), Wolff, von Baer {cf II(<f), v), and other 
exponents of epigenesis taught that some “vis essentmlis" or 
similar power, unknown in inorganic nature, is required to 
account for the marvel of ammal development. So Driesch’s 
claim that all behevers in epigenesis are vitalists may be 
accepted as substantially correct for this period, though 
phrased in too sweeping a form And the criticisms by 
Driesch and Durken of recent mechanistic views of embry- 
ology, given in HI (a), ii and Ill(fi), 3, v, show, m my opinion, 
that all epigeneticists should be vitalists 

The pre-formation theory is mtimately connected with two 
beliefs held firmly in the seventeenth and eighteenth cen- 
turies, the fixity of species and the special creation of each, 
or, at least, as Linnaeus (1707-1778) held latterly, the special 
creation of a genetic type from which allied species might be 
descended A writer m the first decade of the twentieth 
century might well consider that non tali auxilio should the 
case of vitalism be propounded, and, of course, the whole 
idea of emboitement is not only obsolete but alien to the 
knowledge of embryology on which Driesch’s own idea of 
vitalism is based {cf Part HI (a) below) , for he claims in his 
theoretical analysis that “it is with umfying becoming alone 
that Vitalism has to do” {op cit , p 214), and describes the 
views of Bonnet and Haller as “anything but Vitalism” 
{op. cit, pp 53, 57). 

Later Driesch recognises that epigenesis represents some 
truth, but not quite the whole. There actually is a certain 
amount of pre-formation in the “intimate orgamsation of 
the protoplasm” of the egg, though it is not “strict” evolutio 
{Science and Philosophy of the Organism, p. 48). 

But a vitalistic outlook, in a general sense, appears to me 
essentially involved in the “evolutio” theory of ontogeny, 
even though masked by the two beliefs mentioned. The 
creation not of one but of all successive generations of a 
species obviously implies the presence of directive agency, 
force or — in the Aristotelian sense — entelechy which will 
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secure the due development of each adult, though this is not 
so evident as it is on the hypothesis of epigenesis. 

Thus, the new knowledge of ammal development, what- 
ever theory it was linked with, reinforced the vitalistic belief 
which was threatened by mechanistic ideas in physiology 
and cosmology. Only, any beliefs connected with pre- 
formation were destined to collapse as that astounding theory 
died out; whereas the epigenetic concept of development 
continued to be an actual or potential support for vitalism 
despite the mechanistic conceptions which arose in the 
nineteenth century {cf. 11 (A) and II (^), v). 

A. von Haller (Swiss : iyo 8 -iyyy). 

The view that pre-formation involves vitalism, though of a 
type that was bound to die out, is well illustrated by con- 
sideration of one who in eighteenth-century physiology 
occupied a place analogous to that of Linnaeus in classifica- 
tion. Haller’s writings were most varied and voluminous, 
and his Elementa physiologiae cor pons humam (1757-1766) is a 
landmark in the history of this branch of science. “His 
conceptions of the nature of hvmg substances and the action 
of the nervous system . . are still integral parts of physio- 
logical teaching” (Singer, Histoiy of Biology, p. 367). He 
emphasised irritability as a most important property of living 
animal substance, by which a slight stimulus may produce a 
great movement He rejected the views of Descartes and 
Stahl about the seat of the soul and located it in the medulla 
of the brain, where, he considered, sensation and movement 
have their source (Singer, loc. at.’, Foster, Lecture X). 

Though he started as an epigeneticist he soon adopted the 
opinions of Swammerdam and Bonnet and became the chief 
exponent of pre-formationism and the opponent of C. F. 
Wolff. “God has created all structures; they do not develop 
but only grow; . . . ‘omnessimulcrcataeexistunt’” (Driesch, 
History of Vitalism, pp. 53-7). This indicates the extremely 
close connection between pre-formation ideas and belief in 
the direct creation of species (cf 11(a), i). 

The difficulty of summarising Haller’s position is shown 
by the divergent accounts given by historians of biology. 
Locy (Biology and its Makers, pp. 181-2) follows Verwom in 
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tViinkiTig that misinterpretation of Haller’s work on irrit- 
abihty led to a conception of “vital force” as a “mystical 
supernatural agency” which retarded progress for a long 
time. Singer says that “he develops no mystical or obscure 
themes” {loc cit , p 258). Dnesch (loc at ) notes that Haller 
rejected the machine tlieoiy of organisms of de la Mettrie 
and others, but criticises his wews as “ a machine theory of a 
static teleology — of anything but Vitalism”; though earlier 
he complains of the suppression of Haller’s vitalistic views 
and of his rejection of the machine theory ' And he finds 
obscure the suggestion that “autonomous forces” are imphed 
in Haller’s doctrines of irritability and contractibility. 

Verwom {Irritability, pp. 2-5) pays tribute to Glisson 
(English: 1597-1677) as the founder of the doctrine that 
irritability, in varying degrees, is “a general property of all 
hving sulistance”; but, as he admits, Glisson’s obscurely 
developed ideas had hardly any effect upon scientific 
thought. 



CHAPTER 3 


THE REVIVAL OF VITALISM: BICHAT: 
BLUMENBACH 

The notable change that occurred at the end of the eight- 
eenth century in the philosophical and biological outlook is 
well summarised by Whetham. He attributes the seven- 
teenth-century “naturalistic turn” m physiological enqmry 
to Harvey, and, with Mach, “the general wave of heretical 
thought” to the “mechanical philosophy” based on “the 
astonishing success of the Newtonian theory.” “But in the 
second half of the eighteenth century the difficulty of the 
(physiological) problem led to the almost universal adoption 
of the hypothesis of vitalism . . . which retained its influence 
till the middle of the nineteenth century” {History of SciencCf 
pp. 279, 213). 

Diiesch speaks of the epoch of Bichat and Blumenbach as 
“the end of the second period of the old Vitalism,” and also 
as its “height” {History of Vitalism, p. 64). J. Needham, too, 
takes the view that “the eighteenth century closed with the 
general acceptance of a mild vitahsm, represented by Bichat 
and J Muller” (though Muller was not bom till 1801 !), 
adding, reasonably, that “it was the calm before the storm” 
{Sceptical Biologist, p. 1 15). A revival of vitalism at the end of 
this period is therefore generally accepted. 

Needham finds a partial explimation in the rise of the 
romantic movement in thought and literature {op. cit., 
p. 1 18). As regards England the evangehcal revival played a 
part in counteracting an unduly materialistic view of life, 
and so, no doubt, affected the general outlook on science. 
The great change effected in the nation by this cause is well 
illustrated in two books of a very different nature — Lives of 
the Rakes, especially Vol IV, The Hell Fire Club, and the Rev. 
G. R. Balleine’s History of the Evangelical Party in the Church of 
England. The former shows how many influential persons 
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were indifferent 01 even hostile to ChristianiLy in the early 
and middle parts of the century; the latter describes also the 
change that gradually occurred^ In France, the revolu- 
tionary abolition of religion was ephemeral and the Roman 
Catholic Church largely regained its influence In both 
countries inereased reverence for the Bible resulted. In 
addition, after the excesses of the French Revolution, which 
involved the death of Lavoisier and other scientists as well 
as of many other persons, there was a general anti-revolu- 
tionary movement m Europe in politics and thought 
(Trevelyan, British History in the Nineteenth Century, pp. 52-4, 
60-80; Marriott, Evolution of Modem Europe, Ch. XXIV). 
This tended to discredit the materialism characteristic of 
many Frenchmen of the pre-revolutionary period, such as 
Voltaire and Laplace; and, as we have seen, Cabanis 
changed his biological philosophy completely. 

Nor was this general trend of thought unaccompanied by 
definite support from biology The rigid mechanism of 
de la Mettrie and others was found inadequate as a biological 
theory {cf Ch. 2, in, above). Epigenesis, as elaborated by 
C. F. Wolff, became better known, and this strengthened 
belief in vitalism [cf 2, iv, above). 

So did the new branch of biology — histology or the study of 
tissues M. F. X. Bichat (French 1771-1801), author of 
Recherches Physiologiques sur la Vie et la Mart and other works, 
and collaborator with Cuvier, is generally regarded as its 
founder (Locy, pp. 166-70). “He held that there is in life a 
conflict between vital forces and those of physics and chem- 
istry, which after death resume their undivided sway” 
(Whetham, p. 274). His influence was great and he sup- 
ported vitahsm, claiming that his propnetis vitales were 
similar to gravity, elasticity, and other recognised physical 
forces. Driesch criticises his outlook and methods severely, 
largely because he made no use of the study of morpho- 
genesis [History of Vitalism, pp. 60-62). But at a critical 
period he was an important exponent of the principle of the 
autonomy of the organism. 

This may also be said of the famous anatomist John 

Cf. England before and after JVestyi, J. Wesley Bready, Hodder & Stoughton, 

*938., 
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Hunter (English' 1728-1793) He thought that a “latent 
heat of life” existed, and regarded life as the cause, not the 
consequence of organisation In this he was followed by 
Treviranus, Huxley, and others {cf Singer, pp. 208-12, 
369-70; Wallace, World of Life, p 284). 

Though J F Blumenbach (1752-1840) lived far into the 
nineteenth century, his short but important contributions to 
biological theory {Institutiones physiologicae and Ueber den 
Bildungstrieb) appeared in 1787 and 1789 He enumerates 
the “vital forces” of Haller — contractability, irritability and 
sensibility — together with a vita propna or special vital 
activity of the organs; though, like Haller, he is uncertain 
whether these indicate an “autonomy of vital activities” or 
not. But m the second book he describes how he abandoned 
pre-formation in opposition to Haller, and elaborates his 
own conception of a “msus formativus.” This is a power 
peculiar to living bodies though it is only one among the 
“vital forces” mentioned above He compares it with 
gravity both are rccogmsable through the effects they 
produce; but the real cause is a hidden quality like those of 
other physical forces. Much of his argument proves epi- 
genesis rather than vitalism. But he argues well for his 
“formative impulse” from the phenomena of restitution in 
Hydra and the healing of large wounds 

Driesch ends what he terms the second period of the old 
Vitahsm, which he commences with Harvey and Stahl, with 
high praise of C Fr. Wolff, and “above all” Blumenbach. 
“ Only now,” he writes, “do we get beyond the achievements 
of Aristotle” {History of Vitalism, pp 57-65). But it is hard to 
see why Blumenbach is singled out for such high praise 
except for his argument from the restitution of parts. He 
was a great anthropologist, but Wolff first advocated epi- 
genesis against the prevailmg opimon in favour of pre- 
formation and reinforced his arguments by first-hand study 
of the phenomena of development. 

C. Fr Wolff, the pioneer in embryology, is the man who, 
with greater knowledge than was available in Harvey’s time, 
clearly indicated its importance for the view that organisms 
exhibit the action not only of ordinary physical forces but 
of something moie. He is to be looked upon as opening a 
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new epoch in the history of vitalism or, alternatively, as 
terminating an earlier one. 

There is one other dictum of Dricsch regarding this period 
which invites comment and general agreement. During the 
period from Harvey to Wolff and Blumenbach, “biology, 
which used to be an appendage of philosophy . . . changes 
into a science, clearly and firmly fixed.” Foster and Locy 
place Vesahus (1516-1564) as the first to challenge authority 
and base biology on an observational basis ; but Harvey is the 
first great experimentalist So the spirit, if not the letter, of 
Aristotle was revived. Vitalist and mechanist both became 
free to observ'e, propound and criticise. 



I (f).— SUMMARY OF PART I 

Without hypothesis there can be no progress in knowledge. ” 

M Verworn {Imtabiltty, p. 259). 

In the period from antiquity to the close of the eighteenth 
century the following phases of vitalistic thought are 
distinguishable. 

(i) The first clear vitalistic theory to be based on scientific 
study is that of Aristotle (I (a), 1). Its main features are the 
idea of entelechy or “form” as an autonomous power in 
living things and those of the three “souls” — vegetative, 
sensitive, and rational, characteristic of plants, animals and 
Man respectively. These ideas have been revived again and 
again by later biologists, and, modified, form an important 
part of modem vitalism (III(</), 2, v). 

(ii) The doctrine of natural, vital, and animal “spirits”, 
though partly held by Erasistratus (I (a), 11), is due chiefly 
to Galen (I (a), 111). It is based on ignorance of anatomy and 
physiology, and largely collapsed after Harvey established 
the circulation of the blood But the conception of special 
(animal) “spirits” elaborated in the brain, though most 
erroneous in details, is not to be dismissed with contempt. 
It was not immediately overthrown by Harvey, as is some- 
times stated, and was a forerunner of later, more refined, 
ideas of the pre-eminence of the brain and the nervous system 
in the life of the higher ammals. In this respect Galen’s 
physiology was an advance upon that of Aristotle. Other- 
wise, the “vital fluid” idea was a mistaken one, a form of 
vitalism which was bound to fail before the advance of 
science after the Renaissance. Galen did not use embryology 
or psychology to support his vitalistic theory as did 
Aristotle. 

(lii) In addition to destroying the basis for Galen’s wrong 
ideas Harvey (I (0), iv) revived and extended some of 
Aristotle’s teaching; he taught epigenesis and that as due 
to an internal vital force or “opifex ” — “a peculiar vital auto- 
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nomy” (Driesch). Harvey therefore occupies an important 
positive position m the history ot vitalistic theories. 

(iv) Descartes’ influence on biological philosophy has 
been strongly mechanistic (1(A), i, 1 ) His ideas about 
animals and plants were mechanistic , only for Man was his 
theory vitalistic, to a strictly limited extent; and this de- 
pended on fanciful and false notions about the seat of the 
soul in the pineal gland and a continuance of Galen’s animal 
spirits in the brain These notions were soon exploded, and 
so the slight vitalistic part of Descartes’ doctrine was 
destroyed. 

(v) Following Paracelsus, van Helmont (1(A), i, ii) 
elaborated a vitalistic counterblast to the mechanism of 
Descartes According to his doctrine of “bias”, all bodily 
functions are actuated by a complicated spiritual hierarchy. 
But this theory, too, soon passed Arguments for the inde- 
pendent existence of the human soul or spirit do not apply to 
“bias” and archaei; there is no evidence for their existence 
and much against it; and theoretically, too, on the prmciple 
of Occam’s razor, they must be discarded. Again, his 
placing of a double soul near the pylorus is an error which 
helped to discredit his whole system 

(vi) The most important development since Aristotle of a 
biological theory of the soul is that of Stahl (1(A), i, iii). It 
is free from the idiosyncrasies of van Helmont, though marred 
by the postulate that chemical changes in the body are 
essentially different from those witnessed in the laboratory. 
But he revived Aristotle’s distinction between living and non- 
living things as the important division for biologists, and 
anticipated Bergson and other modems in emphasising the 
independence of the soul or spirit as a “sensitive soul”: 
this, he taught, controlled all changes in the body. Though 
he ignored what was known of development at his period 
and so had no equivalent to Driesch’s two equipotentialities, 
he also used animal movements together with the phenomena 
displayed by plants, but only in a secondary and superficial 
manner, as a basis for the vitalism which he maintained as a 
corrective to the iatro-physics and iatro-chemistry of his 
period. 

During most of the eighteenth century the trend of phil- 
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osophy was on the whole anti-vitalistic. The great achieve- 
ments of Newton, Leibniz, and others had indicated that 
nature was governed by mechanical laws True, like 
Descartes and Locke, they were not “metaphysical materi- 
alist” only scientifically materialist; but other thinkers, 
such as Laplace and Hume, were “metaphysical materialist”; 
and biology gradually became affected by the general 
character of the period Vitalism, as far as it was touched 
upon by the philosophers, was conceived of mainly or even 
wholly as an attribute of the “rational soul” of man {cf. 
I(i), 2, i and iii), as is illustrated by the varying ideas of 
Kant 

But towards the end of the century vitalism became the 
prevalent belief {cj. 1 (A), 3), and the change is well illus- 
trated in Cabams ( 1 (A), Q, 111) This change was due to many 
factors, some unconnected with science, and the general 
vitalistic outlook produced was largely uncritical It was, 
however, supported by several biological theories — 

(vii) Epigenesis ( 1 (A), 2, iv), advocated a century before 
by Harvey, was revived by G F. Wolff, and this important 
view of morphogenesis gradually spread despite the powerful 
opposition of Bonnet and Haller As Driesch has shown, 
this itself is an argument for vitalism Wolff combined with 
epigenesis the particular lutalistic explanation of a vis 
essentialts to account for development in animals generally, so 
that vitalism ceased to be connected with the peculiar 
mental powers of Man only 

(viii) As I have shown above ( 1 (A), 2, iv); cf. 11 (a), i, 
below) even the pre-formation doctrine of Haller and 
Bonnet, though opposed to epigenesis and incorrect in fact, 
also had a vitalistic effect, even though Driesch is correct in 
finding it only “static teleological” [op. at , p. 49). The fact 
is that study of development tends to develop vitalistic 
beliefs, whatever particular idea it may be associated with. 
In addition, “evolutio” was closely connected with belief in 
the special creation of living beings, which itself suggests 
that such beings possess special powers [cf. 11(a), i, below). 

(ix) Irritability as “a general property of all living sub- 
stance” is an important vitalistic doctrine originated by 
Glisson, but developed and popularised by Haller ( 1 (A), 2, 
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iv). It is still accepted by biologists, including such mech- 
anistic writers as Semon and Verworn. 

(x) “Vital foree” or “forces ” This belief, though varying 
in different writers and often ill-defined, became generally 
accepted Unlike the vis essentialis of Wolff, it was based not 
only upon epigenesis (Blumenbach) but on general physi- 
ology (Haller) and notably on histology, newly founded by 
Biehat (1(A), 6; cf. Part passim, below). 

(xi) Redi and Spallanzam had destroyed erude ideas and 
superstitions about spontaneous generation, and, as far as it 
went, their work strengthened true vitalism enormously, for 
it made absolute, at the time, the formerly ill-defined 
division between hvmg and non-living things. But abio- 
genesis was not yet dead, and was combined with a poor 
type of vitahsm by the nature philosophers {vide 11(a) below; 
cf. II(.)). 



PART II 


THE NINETEENTH CENTURY, TO 1895. 
VITALISTIG BELIEFS AND CONFLICTING 
DISCOVERIES AND IDEAS 




11(a) .—VITALISM IN THE FIRST HALF- 
CENTURY 


“ O Lord, how manifold are thy works * in wisdom hast thou made 
them all : the earth is full of thy riches ” 


Psalm civ. 24. 


(i) Its general acceptance Special creation of existing organisms, 
endowed with special powers, generally believed till iSm. 
“ Vital force'' ideas 

Driesch rightly considers this half-century the last period 
of “the old Vitalism ... an age when everyone thought 
vitalistically” {History of Vitalism, p. 113) It continued 
the movement begun towards the close of the eighteenth 
century described above in 1 (b), 3. 

Here we may note more specially the strength of belief 
in the fixity of species as specially created “in the beginning.” 
In the eighteenth century, when belief in cosmic evolution 
was potent under the leadeiship of, among others, Laplace 
and Kant (General Histoiy of JIatuie and Theoiy of the Heavens, 
1755), it was natural that suggestions should be put forward 
about a corresponding development among living beings, 
and this was done to a limited extent by Linnaeus (1707- 
1778) and BuflTon (1707-1788) Linnaeus used the expression 
nullae speciae novae in his early writings, but later adumbrated 
the view that existing species were derived from those first 
created by “hybrid geneiation ”, all the species in one genus 
being derived from one original species (Osborn, pp 128-30; 
Sachs, Book I). Buffon expressed “ transmutationist ” views 
between 1761 and 1766, but returned later to the idea that 
species are more or less fixed (cf Osborn, pp. 130-39). 
Buffon was, however, far from clear, and the great influence 
of the encyclopaedic Linne was practically entirely on the 
side of the fixity of speaes. 

During the early years of the mneteenth century the well- 
known evolutionary works of Erasmus Darwin (1731-1802), 
Lamarck (1744-1829), and Treviranus (1776-1837) appeared, 
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followed in 1844 by the Vestiges of Creation, attributed to 
Robert Chambers. These, with other minor precursors of 
Darwin and Wallace, are well described m From the Greeks to 
Darwin (Chs. IV-VI) and in the lives of Darwin, Huxley and 
others All we need note here is the inability of any of these 
wnters to influence their contemporaries 

Referring to the time when he thought that “the evidence 
in favour of transmutation was wholly insufficient ” Huxley 
stated, “within the ranks of biologists, at that time, I met 
with nobody except Dr Grant . . who had a word to say 
for evolution . and his advocacy was not calculated to 
advance the cause. Outside these ranks, the only person 
known to me whose knowledge and capacity compelled 
respect, and who was, at the same time, a thorough-going 
evolutionist, was Mr Herbert Spencer” {Life and Letters of 
C. Darwin, 11, p 188, ^ 11 ( 6 ), iv, below) Darwin himself 
has written' “I formerly spoke to very many naturalists on 
the subject of Evolution, and never once met with any 
sympathetic agreement It is probable that some did then 
believe in Evolution, but they were cither silent, or expressed 
themselves so ambiguously, that it was not easy to understand 
their meaning” (Osborn, p. 227) Haeckel bears the same 
witness' Lamarck’s theory of evolution “was overlooked for 
half a century . . it only obtmned general rccogmtion when 

Darwin had supplemented it . . by the theory of selection 
in 1859” {Wonders of Life, p. 378). 

The defeat of these early attempts to apply evolutionary 
ideas to orgamsms was largely due to the great knowledge 
and influence of Cuvier (1769-1832), who crushed Lamarck 
and G. St Hilaire (1772-1844) by reference to undoubted 
facts in opposition to what he showed were theories Osborn 
points out that “St. Hilaire’s method was professedly 
inductive ” but that he was not consistent with his profession 
{op. cit., p. 197) ; and the same criticism can be passed upon 
other exponents of transformism, unless, like Oken and the 
great Goethe, they were not even inductive in theory. 
Cuvier’s influence extended far and long {cf Osborn, pp. 196, 
204; and III(c), 2, 1, below). 

This demonstration of the strength of the belief in the 
special creation and fixity of species is given here because 
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of its immediate bearing upon the history of vitalism. It 
emphasised the distinction between organic and inorganic 
involved in the chemical idea of “vital force,” and agreed 
with the implication of epigenesis that an organism was 
something unlike anything found in inorganic nature. 

And, in spite of the general modem belief in organic 
evolution of some kind or another, there is no reason to sup- 
pose that the ideas of Cuvier and his colleagues were all 
entirely wrong. Huxley only adopted Darwinism “subject 
to the production of proof that physiological species may be 
produced by selective breeding” {Man's Place in Nature, 
p. 100). Modern species at least are very constant {cf. 
Coming of Man, p. 22) ; and there is good ground for believing 
not only in the special creation of life but even of that of 
numerous kinds of orgamsms {cf. 11 (c) and III(^), 3, iii, 
Berg), which is not a very different notion from Cuvier’s 
often derided idea of waves of creation following catastrophic 
changes in bygone ages While, before the modem argu- 
ments for the evolution of species from geology, geographical 
distribution, and comparative embryology had been de- 
veloped, the reasons for believing in the at least comparative 
fixity of species were very strong. In considering this aspect 
of biological thought it is usual to compare two doctrines — 
the fixity and unfixity of species — to the disadvantage of the 
former. It is also to be noted that the special creation idea 
was in conflict with another theory, that of abiogenesis; and 
that the latter is certainly wrong, so far as we know, and has 
led to much erroneous theorising, vitalistic and mechanistic 
{cf 11(c)). 

The epigenetic theory of animal development gained 
ground, in spite of Cuvier’s unreasonable opposition, notably 
through Meckel and von Baer But as Driesch points out 
{Histo^ of Vitalism, p. loi), morphogenesis occupied a 
secondary place, and the study of wild animals was still 
mdimentary. 

The outstanding vitalistic idea of the period was that of 
“vital force.” It originated earher; for instance, apart from 
Stahl, P. J. Barthez, a famous French physician in his day 
(1734-1806), in his Nouveaux elemens de la science de Uhomme, 
used “vital principle” “as a convenient term for the cause of 
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the phenomena of life” (E B , 3, 152b). But the conception 
was typical ol the early part ot the nineteenth century, though 
it was not always maintained in the same way. In its 
extreme form it imphed that living things possessed the power 
of creating energy {cf Liebig, Animal Chemistry, pp. 29, 31); 
in a moderate form it taught that vital force was similar to 
gravity and electricity {cf Liebig, passim), a doctrine which 
has been revived on a small scale by Ostwald {Science and 
Philosophy of the Organism, p 256) In either fashion it was, of 
course, described as a peculiar property of living things and 
particularly as a property relating to chemical change. 
“Organic” compounds were compounds built up by or- 
ganisms, and were believed to be unobtainable otherwise. 
Urea was a typical example {cf II(i), 1) The connection of 
this conception with that of the special creation of living 
creatures is obvious Organic species were created with 
special forms and special powers; of these reproduction was 
one, a vital force able to make compounds useful or essential 
for life was another The growth of plant physiology favoured 
this belief. For instance, the general nature of photosynthesis 
was worked out by Ingen-Houss (1730-1799), Scnebier 
(1742-1809), and T. dc Saussurc (1767-1845) in 1779, 1800, 
and 1804 (Sachs, Book III, Ch II), and it was quickly and 
rightly perceived that nothing like the transformations 
achieved by green leaves in sunlight at ordinary temperatures 
could be accomphshed by the best chemists with the best 
apparatus And until Wohler, C. Bernard, and others had 
made their crucial experiments, what was known of the 
intricacies of animal physiology agreed with the vital force 
idea too {cf section 111 below). 

It IS now desirable to epitomise the vitahstic teaching of 
representative thinkers of the period, leaving its anti-vitalistic 
discoveries and opinions to the next sub-Part. Vitahstic 
thought maybe considered under two main heads — thenature 
philosophers, with whom may be grouped what Driesch 
terms the “dogmatic school”, and the chemical school. 

(ii) The Nature Philosophers: Oken, Treviranus, etc. 

According to Driesch {History of Vitalism, I {e)) the phil- 
osophy of Schelhng (i775'i854) offered exposition, not 
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explanation; and, in its general aspect, “the theory is irrele- 
vant for biology, especially for Vitalism ” The conception of 
“type,” too, is unimportant here, so we are not concerned 
with the views of Goethe. Nature-philosophy enters into 
relation with the problem of vitahsm “ when we try to connect 
the world of ideas with the world of direct data ” 

L. Oken (German; 1779-1851) is the outstanding writer 
of this school. In his famous work on nature-philosophy, he 
attributes the principle of life to “galvanism”; his refer- 
ences to vital force are not clear, and are negative rather 
than positive. The book is full of absurdities, of dogmatic 
guesses about ongins Driesch considers his Du Zeugung 
somewhat better, although Oken adheres firmly to abio- 
genesis in spite of the experimental work of Spallanzani and 
others. Absurdities abound in this booh too For instance, 
as Driesch quotes {ibid , p 97), “generation . is the syn- 
thesis of the infusoria by means of the homogeneous but 
opposite pole of the organic world . . . The feminine 
vesicle provides — only the form which unites the entering 
cercariae. . . ” And so on 

A more critical view is that of H F Osborn, who has no 
patience with the lavish praise given by Haeckel to Oken; 
nor would he agree with Dnesch’s description of him as a 
“great anatonust ” He shows that Oken’s conclusions, such 
as they were, were based upon a prion premises, and his bio- 
logical ideas upon metaphysical conceptions Thus, the “AH ” 
was connected with the sphere, and the skull considered 
a mamfestation of this “archetype”; so, too, the vesicles of 
the Ur-schleim Through abiogencsis the “infusoria” arose; 
all higher animals and plants consist of these; “the animal is 
the highest union of polyp and plant, of hne and circle ( !) ” 
(Driesch, ibid , pp. 97-8) “All life is from the sea; the whole 
sea IS ahve. Love arose out of sea-foam.” Man “probably 
.arose in India . . . the offspring of some warm and gentle 
sea-shore ”, owing to “a certain mingling of water, of blood 
warmth and of atmosphere.” Yet, again: “God . . . took . . . 
an earth-clod or carbon; moulded it into form, thus making 
use of water; and breathed into it life — namely air — whereby 
galvanism or the vital process arose” [From the Greeks to 
Darwin, pp. 123-7). 
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His work is a mass of speculation, based on Schelling’s 
deductive method, in which new, misunderstood ideas such 
as “galvanism” are mingled with ancient theories such as 
those of Aneiximander, and, especially, with abiogenesis. 
So I cannot agree with Dricsch that “even Oken’s curious 
theories are based on the fundamental truth of Vitalism, the 
irreducibihty of the organic form” if they are, so much the 
worse for vitalism But Driesch admits that much of Oken’s 
vitalism IS impossible {ibid , p 98) 

J. Ch Reil (1759-1813) is described as “a clear-headed 
biologist trained in the philosophy of his age” by Driesch, 
who considers his views on vitalism arc best expressed in a 
letter to Autenreith {ibid, pp 98-100) Here Reil, while 
denouncing the name, declares in favour of a formative force 
associated with “dead foices” in animal organisms. So, 
though he offers no “ real proof of the objective truth of his . . . 
Vitalism,” Driesch claims Reil as “the first representative of 
a vitahstic theory founded on the concept of living matter,” 
which is based on the endowment of “ the matter with the 
idea.” Yet Driesch asks earlier why the idea comes to the 
matter at all 

Reil’s philosophy is confused and his idea of some sort of 
force peculiar to animals is, to say the least of it, elementary. 
As Aristotle had a clear idea of orgamsms actuated by 
entelechy {cf 1(a), 1), the transfer of this conception in a 
nebulous way to the “matter” of which they are composed 
is not, in my opinion, any advance in vitahstic teaching. 

G R Treviranus (1776-1839) is discussed by Driesch 
among the nature-philosophers {ibid , pp. 100- 106), and may 
therefore be considered here. His earlier views appeared in 
1802 in the first volume of Biology, this term being also em- 
ployed in Its modern sense in the same year by Lamarck. 
Treviranus adopted Kant’s theory of matter but regarded 
life as “something entirely extraneous” to it: so, too, is 
spiritual nature or nons^ Vital force {vis vitalis) shares with 
external factors the energising of “formless life-substance,” 
the nature of life consisting in the power of giving 
“relative uniformity to the absolute irregularity of external 
agents.” 

Though he avoids many of Oken’s repulsive absurdities, 
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Ticviranus is obscure in detail In his second volume 
spontaneous generation is used as a support for the view 
that vital force and matter are “determined reciprocally the 
one by the other ” In the sixth, somnambulism and unusual 
mental states are employed to show that “something un- 
conscious is the primary cause of life ”, affecting both body 
and spirit. 

In 1831-3 [Die Erschetmngen und Gesetze des organtseken 
Lebens) he modified his opinions, regarding “purposiveness 
for itself” as characteristic of life, which agrees with modem 
ideas about behaviour [cf IIl(i/), i). He now agreed with 
Stahl that “living beings and ammated beings are the same.” 
Instinct originates in an “obscure consciousness” and is 
“comparable to dreaming.” Embryology is thought of in 
the same way, “as if the germ of the wheat dreamt of root, 
shoot and ear”; according to Dnesch, Johannes Muller, 
Schopenhauer, and Hartmann advocated similar views later. 
He now regarded abiogenesis as “at least unproved”; 
organisation is the consequence, not the cause, of life — a 
sound idea [cf. Hunter, I(i), 3); and after death the elements 
of the body “become united by different laws than those 
prevailing in the former state ”, so bio-chemical analyses have 
little value This is little more than a repetition of the teach- 
ing of Stahl a century earlier, with a fanciful interpretation 
of instinct added. 

A short account, based mainly upon Driesch’s History of 
Vitalism (Ch. I (e), iv), may be given here of what he dis- 
tinguishes as the “dogmatic school ” 

M. F. Autenrieth [Ansickten uber Natur — und Seelenleben, 
1836) maintained that vital force is independent of the body, 
basing his thesis on the supposed spontaneous generation of 
lower animals, the power of fishes and of single organs to 
freeze and thaw back to vitality, the catastrophic theory of 
geology, which, he thought, showed that vital force was 
independent of the successive waves of orgamsms, and on 
“the facts of fertilisation”, in which “the physical element 
is unessential” (>) Driesch considers his best argument is 
from instinct, about which he agreed with Treviranus. 
This may well be, considering that all the others are entirely 
fallacious and show the need for a wave of criticism to winnow 
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the chafT from whatever wheat there was in the fantastic 
vitalism of many spokesmen of this period 

F. Tiedemann {Phjsiologte des Menschen, 1830) despite the 
synthesis of urea by Wohler m 1828 {cf. II(i), i, below), 
argued from the complexity of organic compounds to the 
existence of a vital force or forces; and from spontaneous 
generation to the “vital matter” of Rcil Again vitalism is 
supported by absolutely futile and erroneous arguments. 
He was happier in analysing the difference between crystals 
and organisms 

It IS refreshing to turn from this rubbish to a really able 
writer. K F. Burdach {Die Pftysiologie als Erfahrungswissen- 
sekaft, V, 1835; ''b 1840) held that the “life principle” works 
through material means — “matter is only an accident, while 
activity is the substance of the organism ” That is theory; 
but there is a scientific ring about the “really lucid epigenetic 
idea” that in development the later processes are stimulated 
by that which has already been formed He agreed with the 
latro-physicists that the functions and mechames of at least 
many parts of the orgamsm are accounted for by the action 
of ordinary physical forces; but he also held that “material- 
ism” explains details only but not their relation to the 
whole, which is entirely sound {cf III(^), 3, iv, and IH(rf), 
2, i and v). 

He IS rightly critical of the vague vitalistic ideas of many 
of his contemporaries and predecessors; a general “vital 
matter” cannot really exist and would not be a sound 
explanation for individual lives; galvamsm and heat, too, 
“presuppose the variety of hving organic forms.” But 
Stahl’s soul is rejected, as is the “nerve principle” of 
J. Muller, as there is hfe without nerves And “vital force” 
only means that “there must be a pecuhar cause for the 
pecuhar phenomena of hfe.” Burdach’s own explanation 
for life is “the cause of existence alone”; “vital force is the 
primordial thought realising itself within certain limits.” 

Driesch considers this solution hardly satisfactory for a 
true scientist. But Burdach is agreeably free from the 
absurdities of Oken and other contemporaries, shows 
critical power m deahng with both mechanistic and vitalistic 
theories, and puts forward arguments which are still worthy 
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of consideration by pliilosophcrs and biologists Dricsch 
peisistently weakens the case for vitalism by ignoiing the 
implications of biogenesis {cf II(r), ni(fl), ii, and III(<^), 2, 
iii), and so does not appreciate Burdach’s position sufficiently. 

Burdach’s metaphysical idea of Will in Nature was 
approved by Schopenhauer (1788-1860), who may be briefly 
alluded to here as a philosopher who studied human and 
animal existence in his own way, rejected the pre-Darwmian 
attempts to find an origin for man in rudimentary matter 
(E B , 20, 103), and held vitahstic views of biology as a 
science with its own laws, though modified by the opinion 
that organic and inorganic are both aspects of an underlying 
reality — ^feeling or will {cf. Dncsch, op at , pp 12 1-3). 

(iii) The Vitahstu Chemical School • Liebtg, J. Muller, etc. 

The vitalism of the period is best expressed, however, not 
by its philosophers but by its chemists and physiologists. 
Their views may be illustrated by reference to three out- 
standing personalities — Bei zebus, Liebig, and Johannes 
Muller. 

J. J. Berzelius (Swedish : 1779-1848), His work was mostly 
in chemistry, but also in electricity and, in his earber years, 
physiology. Like Liebig, he was created a baron 

He held, with most scientists in the first quarter of the 
nineteenth century, that a vital force operated in living beings 
and could not be mutated in laboratory processes. As a 
chemist he was interested mmnly in the chemical aspect of 
the problem. So he, with others, believed that, while in- 
orgamc compounds could be synthesized by chemists, this 
procedure was impossible for “organic” compounds, i.e. 
substances which, m nature, are found only as results of 
organic metabolism. In 18 ii he also stated his behef that 
orgamc compounds did not usually obey the chemical 
laws of simple and multiple proportions ; a few years 
later, however, he changed his views and concluded that 
these fundamental — though statistical — laws governed the 
composition of organic as well as inorganic compounds. 
Berzehus himself removed one distinction between morgamc 
and organic chemistry in 1814 by his improved methods of 
analysis, which showed that organic acids possessed simple 
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atomic ratios like inorganic substances (Cohen, Theoretical 
Organic Chemistry, Preface). But not till 1832-1833 did he 
accept the doctrine of isomerism, which is of special import- 
ance in organic chemistry. Yet he first drew attention to the 
probability, confirmed later, that the numerous compounds 
in orgamsms might be due to the action of catalysts, analogous 
in their properties to platinum {cf III(6), 3, iv; III(</), i, li). 
Berzelius, therefore, well represents the change from accept- 
ance of Stahlian vitalism to a much more critical position, 
due to the advancement of cheimcal knowledge to which he 
himself contributed so greatly 

Justus von Liebig (German: 1803-1873). Liebig was one 
of the greatest chemists and physiologists. He was also an 
able teacher, and at Giessen founded the first good laboratory 
for the teaching of chemistry. Among other researches, he 
studied fulminates and cyanates, and founded the important 
doctrine of isomerism He was a pioneer m “pure” organic 
chemistry, and showed that the radicle benzoyl appeared in 
a long series of compounds With Wohler he published The 
Radical of Benzoic Acid in 1832, which, as Cohen {op cit ), 
says, “shed a new light on the vast and unexplored region of 
organic Nature ” 

From 1838 to 1873 his attention was turned to the physi- 
ology of organisms He showed that the body heat of animals 
was solely derived from the oxidation and combustion of the 
tissues, and advanced knowledge of the feeding processes of 
plants, proving that their carbon is derived from atmo- 
spheric carbon dioxide and their mineral substances from the 
soil (Sachs, Book III, Ch. H). He was, however, wrong in 
attributing their nitrogen supply to atmospheric ammonia. 

His Letters on Chemistry (1844, 1859) and Animal Chemistry 
(Eng. trans , 1843) show that he supported vitalism, like 
other chenusts of the period He admitted that chenusts 
could synthesise many organic substances and would produce 
more in the future; but pointed out that they would never be 
able to create “an eye, a hair, or a leaf.” For such intricate 
systems of many different tissues, whose functions are so 
wonderfully correlated, the organising power or vital force 
of an organism is necessary. “Only an insufficient acquaint- 
ance with the forces of inorganic nature can account for the 
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frequent denial of the existence of a special force in oiganic 
beings, and for the ascription to inorganic forces of modes of 
action which are opposed to their nature and which contra- 
dict their laws” (Dnesch, History of Vitalism, p. iig). 

In Animal Chemistry Liebig expressly states that in animal 
ova, plant seeds, and plant organs “we recognise . . the 
vital force, vis vitae, or vitality"', and in ammals “in the nervous 
apparatus a source of power ” {op. cit., pp. 1-3), though 
nerves do not produce but conduct vital force {ibid , p. 260). 
His description of the different degrees of autonomy of 
plants and animals {ibid, pp 3, 4) is similar to that of 
Aristotle; and he writes of “the higher phenomena of mental 
existence” much as Aristotle does of the “rational soul.” 
Both “consciousness and intellect” are “a peculiar source of 
increased energy or of disturbance”; yet have nothing to do 
with development in man or beast {ibid , pp. 5-7) . 

The phenomena of animal life arc determined by changes 
in food and oxygen “under the influence of the vital force” 
{ibid., p. 9); but the ultimate causes are chemical forces 
{ibid., pp 10, 34), and the phenomena are produced from 
chemical changes as is electneity from a voltaic cell But 
Liebig erred m thinking inorgamc and organic phenomena 
equally “incomprehensible” {ibid , p 12); development of 
leaves or muscle fibres is much more wonderful than that of 
crystals. Unlike some previous vitalists, Liebig taught the 
conservation of energy; all animal heat is due to chemical 
action between oxygen and food material {ibid., pp. 31-8, 
215-19). In these passages his vitahsm is weak or obscure. 
But in his third part he returns to the robust though en- 
lightened vitahsm of the beginning. 

It IS the vital force in animal tissue which causes growth in 
mass and resistance to the external agencies which tend to 
alter the tissue substance, and causes motion and change in 
the form and structure of material substances by altering the 
state of the chemical forces of the body {ibid., p. 196). Its 
manifestations depend on “a certain form of the tissue”, a 
fixed composition of its substance, and a suitable temperature, 
due to the heat of combustion of the tissues; and are soon 
stopped by deprivation of food. Only vital force causes these 
phenomena in animals {ibid., pp. 198-9, 243-4, 254 seq.)'. 
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this force can be kinetic or potential {ibid , pp 200-203I, and 
is similar to chemical foiccs and clccliicity [ibid , pp 209, 
2Qo), yet “it is a pcculiat foicc’’ and chemical force is not 
the cause of vital phenomena {ibid, p 232), though \ital 
energy is diminished by absence of heat or of solar radiation 
(i6irf,pp 234-7). 

These expressions of opinion by one who “long remained 
the dictator of the chemical view of life'’ (Singer, E B , 15, 
205), made after the discoveries of Wohler and others {cf. 
11(6), 1, below) had thrown discredit on the crude forms of 
vitalism popular in the first quarter of the century, arc very 
important. They also show that Singer’s statement that 
Liebig “was convinced that all \ital activity could be ex- 
plained as the result of chemical or physical factors” {History 
of Biology, p 373), is a too mechanistic summary of his 
teaching. Liebig rccogmscd that \itahsts often went too far 
in their claims, but he held that then view was more correct 
than that of the mechanistic school (Dricsch, Histoiy of 
Vitalism, p 119) He did not, howcicr, originate any 
specific vitahstic doctrine as did the great physiologist who 
now demands attention. 

Johannes Peter Muller (German 1801-1858) Verworn 
describes him as “one of those monumental figures that the 
history of every science brings forth but once” (Locy, p. 184) ; 
Singer ranks him “among the greatest biologists of all time” 
{Histoiy of Biology, p. 388) He was a great anatomist and 
zoologist; he made researches in pathology and histology, 
and later studied oceamc life and comparative anatomy. 
This great background of general zoological knowledge is 
significant. Muller is another example for those in danger of 
becoming victims to over-specialisation 

Yet his fame rests principally upon his outstanding work 
in physiology. In' the Handbuch der Physiologie des Menschen, 
published in 1833, he put physiology on a more exact as well 
as a broader basis, employing all possible means of research 
— experiment, microscopic and macroscopic observation, 
physics and chemistry, and psychology The connection of 
psychology with physiology was a new method in science 
{if Locy, pp. 185-6; Singer, E.B , 15, 205). Like Licbig he 
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was a great and inspiring tcathei. and Ins pupils, including 
Schwann, Du Bois-Rcvmond, and llclmholt/, dkl much to 
ad\ancc histology, plnsiologv, and otlici blanches of science, 
though thc> did not always maintain the \ilahstic outlook of 
their teacher. 

J. Muller is impoitant in the history ofMtahsm foi \aiious 
reasons, but principally lor the “principle of specific nerve 
energies”, i^hich he founded upon experiment It states 
that e\ cry afferent, sensory, ner\'e gwes rise to the particular 
type of sensation which its distal end is adapted to register 
and to no other, ivhate^ er the nature of the stimulus it may 
receive; or, the sensation pioduced by a stimulus varies only 
with the ner\es and sense organs affected Thus the optic 
nerve conveys sensarions of light not only under the stimulus 
of light but ei'en when the eye is struck, wdien the recipient is 
said to “see stars ” This is of great theoretical importance 
for epistemology' and the lalidity of scientific method; for 
it means that all our knowledge of external things is strictly 
conditioned by the powers of our sense organs and their 
nerves ^Ve have atv arcncss not of things in themselves but 
of the ways in which they affect these organs So all our 
knowledge has a personal or vitahstic basis {cf. Singer, 
History of Biology, p 390) And this principle, as Singer has 
said, “remains one of the comer-stoiics of vitahstic theory” 
(E.B , 3, 613) 

But Driesch does not allude to it m his History of Vitalism. 
Elsewhere {Science and Philosophy of the Organism, pp. 223-5), 
he admits that, apart from the specificity now being placed 
in regions of the brain rather than m the nerves, Muller’s 
doctrine remains generally accepted But he is severely 
critical of it, stating that no single instance is “above all 
doubt” and that it is “perhaps quite false for the child.” 

Most authorities agree that J. Muller was a leading ex- 
ponent of vitahsm. Locy, for instance {ibid., p. 193), points 
out that Muller helped to lay the foundations for modern 
vitalism, though his short note about this is lacking in 
clarity. Driesch, however {History of Vitalism, pp. 113-8) 
merely regards Muller as the last “dogmatic” exponent of 
vitahsm, in whose writings no new idea “of leally funda- 
mental kind” IS found, and credits him with only two 
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“separate (though not unimportant) points”, though he 
does not define these clearly Tliioughout, Driesch speaks of 
Muller’s treatment of vitalistic problems as “vague”, 
“mixed ”, and so forth. Yet he gives qualified approval to 
Muller’s teaching about the “life or integrating stimuli ”, 
which strengthen “the organic forces”; and to his treatment 
of death, when “.the organic force is resolved into its general 
natural causes” and “seems to be regenerated” agciin through 
the vegetable world, though this is to me extremely vague and 
unsatisfactory. Nor can I concur with his criticism that 
Muller, like his predecessors, treated “vital force” in too 
quantitative a sense. But he rightly approves Muller’s 
idea of the relative unimportance of brain substance, which 
is similar to that of Bergson {cf. Ill (6), 2, lii). 

Dricsch deprecates Muller unduly This is due to Driesch’s 
own defence of vitalism being restricted to narrow though 
important grounds {cf. Ill (a), n) Muller’s significance for 
vitalism is firstly, that he abandoned abiogenesis and the 
“living substance” ideas connected with it; secondly, that 
in an age when mechanism was advancing rapidly he knew 
that it was inadequate and maintained a vitalistic outlook,* 
even if his expositions were sometimes “mixed” or “vague ”, 
the last an epithet which has been applied to the theory of 
the learned Professor Dricsch himself Biological knowledge 
was very imperfect in Muller’s time. Thirdly and principally, 
his doctrine of specific nerve energy is basic for epistemology 
and so for the important argument for vitalism based 
thereon {vide III (6), i, iv, and III((/), 2, iv). It has 
also been extended by Verwom to other tissues of the body 
{Irritability; cf. II (i), iv, below). 

The great contemporary French physiologist, F. Magendie 
(1783-1855), though experimenting in many directions upon 
the funcuons of the body, also believed in a vital force, the 
processes of which were inexplicable (Whetham, op. at., 
p 275;Singer, liiJ., p. 392). His more famous pupil, Bernard, 
departed somewhat from this attitude without committing 
himself entirely to mechanism {vide 11(6), i). 


‘ EUmenls of Physwlogy, pp. 33, 34, 305, etc. 



11(6) ANTI-VITALISTIG DISCOVERIES 
AND IDEAS 

“ Voili mon syst£me, ou plutdt la Verite si je ne me trompe fort. 
EUe est courte et simple ” 

De la Mettrie (U Homme Machine ; la fin). 

(i) Chemistiy and Physiology. Synthesis of “ organic” compounds; 

Wohler and urea; C. Bernard, etc. 

We must now consider the rise of much new knowledge in 
all departments of science during the middle of the nine- 
teenth century, and of many new theories connected there- 
with. The theories were of variable merit and probability; 
about the general advance in scientific knowledge there is 
no question. These changes, which destroyed or modified 
the old vitalism — under which term I include all vitalistic 
theories before 1859— can be briefly considered under four 
headings, corresponding with the great branches of science, 
chemistry (1), physics (u), geology (111), and biology (iv), 
with a concluding reference to the philosophy of the 
period (v). 

As regards chemistry, Priestley discovered oxygen in 
1774, but remained a staunch adherent of Stahl’s phlogiston 
theory till he died {cf. Foster, Ch. IX). The credit for 
destroymg this theory belongs to the great chemist Lavoisier, 
who was put to death by the French revolutionaries in 1 794. 
Yet even in 1842 Liebig referred to “the phlogiston system” 
as “the dawn of a new day . . . the victory of philosophy 
over the rudest empiricism” {Animal Chemistry, p xii). The 
usual view of the phlogiston theory as an effective bar to 
progress in chemistry is given by Johnstone [Philosophy of 
Biology, pp. 126-7); niay, I think, agree with him 

that this fundamentally erroneous view of chemical change 
rather than Stahl’s vitahsm was a check on biological pro- 
gress; for through Linnaeus, Bonnet, Wolff, Haller, and 
others in the eighteenth century and the vitalistic chemical 
school later [vide 11(a), in) biology advanced greatly in 

65 
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many directions during a largely vitalistic period {cf. p. 
261). 

“The new chemistry”, as it was sometimes termed in the 
nineteenth century, dates therefore from Lavoisier. But 
for many years chemical progress was mainly m the inor- 
ganic division, and belief m vital force certainly hindered 
Its development m the study of carbon compounds. Certain 
substances then considered “organic” were occasionally 
obtained by synthetic methods between 1775 and 1828; 
oxahe acid fiom sugar and nitric acid by Schcclc, 1776; 
formic acid fiom tartaric acid by Dobereiner, 1822; alcohol, 
by Hennel, 1826; urea from lead cyanatc and ammonium 
chloride by Wohler, 1828 But J B Cohen rightly points 
out that the substances from which these reactions started 
were partly organic in origin, and that the real history of 
organic chcmistiy only begins about 1830 (Preface, Theoretical 
Organic Chemistry, 1919) 

Nevertheless, urea was a typical product of animal kata- 
bolism and lead cyanatc had been icgarded as “inorganic ”, 
hke ammomum chloride, so too the icsulting ammonium 
cyanatc from the rearrangement of which urea is obtained. 
Berzelius and other leading chemists of the period had 
clung to the belief, due originally to Stahl, that “organic” 
substances such as urea could only be elaborated in or- 
ganisms by a “vital force” and not by laboratory synthesis 
{cf. 1(6), I, 111, and 11(a), m) To this theory Wohler’s 
achievement was undoubtedly “the first real blow”, as 
Doctors Holmes and Drummond say (E B , 5, 363 , 3, sdgd) . 
It has since been practically destroyed by the progress of 
chemistry and bio-chemistry; though no artificial synthesis 
of the complicated mixture of organic matters called proto- 
plasm has ever been made, still less any rmxture or com- 
pound possessing the fundamental characteristics of hving 
matter {cf 11(c), lii, conclusion). 

While early work in pltmt physiology, based upon that of 
such pioneers as Priesdey and Lavoisier, accorded well 
with vitalistic beliefs {cf 11(a), i; Sachs, Book III), later 
researches showed that many details formerly thought to 
be due to the action of vital force could be adequately 
explained on other grounds In 1822 de Saussure proved 
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that the pioduclion of heat in plants was eonneeted with 
the absorption of oxygen, thus anticipating Liebig’s analogous 
discoveries on animal heat. De Saussure’s work was little 
regarded at first; but it was reaffirmed by Meyen in 1838. 
Dutrochet (French 1776-1847) worked out many details of 
plant physiology, which were published in his Memoires, 
1837. He showed that many phenomena such as spore 
dispersal and root pressure could be accounted for, at least 
to a certain degree, on mechamcal grounds by “endos- 
mose” (Sachs, Book III, Ch. II) In 1822 he clarified 
current mystical ideas about movements in leaves, including 
the exceptional ones of Mimosa, and in 1826 he discovered 
diffusion in plants His work was supplemented by that 
of von Mohl (1827) upon movement in tendrils and climbing 
plants (Sachs, ibid , Ch III). 

But the mcchamstic development of physiology is most 
obvious in that of animals, including, of course, that body 
in which human powers and phenomena are exhibited 

C Bernard (French 1813-1878) This great physiologist 
published his work in many volumes, including Physiologic 
genirale (1872) His three most important researches were 
on the pancreatic ferments, the formation of glycogen and 
sugar in the liver, and the working of the vaso-motor system. 
His discoveries illustrated the fact that chemical changes 
in the organism can be explored just like inorganic reactions, 
so, as Drummond {loc. at ) points out, he contributed 
largely to the overthrow of belief in vital force as a special 
form of energy affecting metabolic changes. He also criti- 
cised this belief directly But this is only one aspect of 
Bernard’s work, the one admired by mechanistic scientists. 

In his Phenomena of Life Bernard recogmsed certain out- 
standing characteristics of hvmg things which collectively 
demarcate them from non-hving matter. Driesch {History 
of Vitalism, Ch. II) has shown that, though Bernard {Lefons 
sur les phinomenes de la vie, ii, 1878-1879) criticised Bichat and 
other less able vitahstic writers, his attack on an “interior 
vital principle” which acts independently of external con- 
ditions docs not affect such writers as C. F Wolff", Blumcn- 
bach, and Liebig. Bernard objected to “materialists” as 
well as to “vitahsts”, because the hving body possesses 
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arrangement and order and follows fixed laws and a “pre- 
established design” (Dricsch, pp 133-4). '‘Vital force" 
says Bernard sagely, “directs the phenomena which it does not 
produce; physical agencies produce phenomena which they do not 
direct ” And so on So, as Driesch, who developed this 
argument, concludes, Bernard, though not clearly dis- 
tinguishing static and dynamic teleology {cf. Ill (a), li, 
below), must be classed among the supporters of “the 
enlightened vitalism ”, provided that his opposition to crude 
vitahstic ideas is also recognised. 

L Pasteur (French; 1822-1895). Pasteur is claimed by 
Drummond as the third chief destroyer of the vital force 
theory. His first scientific work was in chemistry and 
physics, and no doubt this helped to give precision to his 
later epoch-making researches on “fermentation, putre- 
faction and disease ”, which “revealed not only the or- 
ganisms that gave rise to these conditions, but also, in 
many cases the . . . physico-chemical changes that oc- 
curred.” His work was ably continued by Koch and others 
{cf. Locy, Ch. XIII). But Pasteur showed, against Liebig, 
that the processes mentioned are all “vital ”, i.e. due to the 
activities of organisms {cf Singer, History of Biology, p. 438) ; 
and his equally superb research on abiogenesis went far 
towards destroying one of the hypothetical pillars of 
mechanistic biology (11(c) below). 

Karl Ludwig (German: 1816-1895) was a notable physi- 
ologist and a great teacher who inspired Pfluger and others. 
He “explained many . . . physiological events on a physical 
or chemical basis . . . and ... is largely responsible for the 
mechanistic view of the nature of life that was and is preva- 
lent among the leading exponents of the science of animal 
physiology” (Singer, History of Biology, pp. 390-2). This 
tendency was reinforced by the mechanistic development of 
Darw ini sm among German biologists {cf. sec. iv below, and 
III(c), 2, i). 

Thus we find that progress in chemistry and bio-chemistry 
destroyed the vital force theory of Stahl as apphed to chemical 
changes in organisms, and so weakened the general vitalistic 
position as it was crudely held in the early nineteenth century. 
But this progress did not and could not destroy vitalism as a 
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belief in the special character and autonomy of organisms 
which is based upon many arguments outside the province 
of cheimstry {cf II !(</), 2) And Bernard and Pasteur, like 
J. Muller and Liebig, were well aware of some of these, 
and did not attempt an all-embracing anti-vitalism. 

(li) Physics Joule and the mechanical equivalent of heat . the 
conservation of energy. So ‘^mtal force" does not create energy. 

Historians of physical science agree that the great physicists 
of the seventeenth century, Newton, Hooke, and others, 
notably Boyle, followed by Cavendish, “inclined to the 
belief that heat was due to a vibratory agitation of the 
particles of bodies ” But the experimental evidence was 
small; and in the materiahstic eighteenth century heat 
was regarded as one of the “imponderable fluids ”, which 
included phlogiston, electric and magnetic principles, and 
so on (Cajon, History of Physics, pp 100, 106-8, 120-2). 
Joseph Black (1728-1799), who discovered latent heat, 
“explained the facts by supposing that the thermal fluid 
or caloric united with ice to form water as a quasi-chemical 
compound, and again with water to form steam ” He also 
“originated the theory of specific heat” and established 
calorimetry as a branch of practical physics (Whetham, 
p 12 1) The collapse of the phlogiston theory (cf. sec. i 
above) left the caloric theory supreme in the first half of 
the nineteenth century; “as late as 1856 it received pre- 
ference over the dynamic theoiy in the . . . Encyclopaedia 
Bntannica (8th edition)” (Cajon, ibid , p. 122). 

Nevertheless, early researchers had formed ideas and 
made experiments In 1738 D Bemouilli conceived a 
kinetic theory of gases, though it made no impression on 
the then current belief m a caloric fluid, material though 
‘ weightless. Count Rumford (1753-1814) performed classic 
experiments on heat and work which were published in 
1798 (Complete Works of Count Rumford, Boston). The heat 
evolved during the boring of cannon seemed inexhaustible, 
was roughtly proportional to the work done, and had no 
relation to the amount of shavings produced, as it should have 
been according to the caloric theory. Yet, though his 
approximate determination of the mechanical equivalent 
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of heat was “a considerable step toward the general idea 
of the conser\’ation of energy” (Sedgwick and Tyler, p. 
357) his hopes of seeing the caloric theory buried with 
phlogiston were not realised. Rumford’s conclusion that 
heat IS motion and not material was supported by T. Young 
and confirmed by the illustrious Sir H Davy, who in 1799, 
among other experiments, melted ice by friction though 
the temperature was below freezing-point; but the thermal 
fluid theory sur\’ived for another fifty years (Whetham, p. 
245; Cajon, pp 200-203, Da\'y, Elements of Chemical Phil- 
osophy, p 94) 

N L S Carnot (1796-1832) was the founder of thermo- 
dynamics His Reflexions sur la puissance motrice du feu (1824) 
were expressed m terms of caloric; but his later writings, 
unpublished for many years, show that he came to adopt 
the dynanuc theory of heat and had grasped the principle 
of conservation of energy (Sedgwick and Tyler, p 351). 
He described the process by which heat may be partly 
converted into work, part being lost through dissipation, 
as a cycle. The importance of this conception was em- 
phasised and extended by Lord Kelvin, then Wilham 
Thomson (1848), Clausius (1850), Clerk Maxwell and 
Rankine To these the laws of thermodynamics are mainly 
due. 

In 1851 Thomson published a mathematical proof of 
the second law of thermodynamics, and in 1852 he elaborated 
the great principle of the dissipation of energy, which 
means of course that while the total amount of energy 
remains the same, the amount that is usable decreases 
beyond recall {cf Cajon, pp 216-17; Sedgwick and Tyler, 
pp. 358-9). Willard Gibbs (1822-1908) may be briefly 
noted in conclusion as elaborating the thermodynamic 
equations which form the basis for much modem physical 
chemistry (Whetham, p. 256). 

The Conservation of Energy . — ^The caloric theory was dis- 
placed by the kinetic only after the famous experiments 
and papers of Mayer, Joule, and Helmholtz between 1840 
and 1850 Even then the scientific world was hostile and 
mappreciaUve, as it so often has been to scientifically un- 
orthodox ideas. Yet they, especially Joule, established two 
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great and distinct, though allied, results, the equivalence 
between heat and work and the conception of heat as a 
mode of motion The latter confirmed the kinetic ideas of 
Newton and his contemporaries; the former was the basis 
for the triumph of the principle of the conservation of 
energy. 

Robert Mayer (German. 1814-1878). — In May, 1842, his 
paper “On the Forces of Inorganic Nature” was published 
in Liebig’s Annalen. “It attracted no attention, though 
contaimng the great principle that the energy of the world 
is constant.” He also “upheld the possibility of the con- 
version of work into heat and heat into work ” The neglect 
of his researches led to his insanity Only in 1858, though 
Germans still thought little of him, Tyndall vindicated his 
position in the history of science (Cajori, pp 218-9; cf. 
Whetham, p 246). 

In 1842 Sir W R, Grove, English, lectured on The Corre- 
lation of Physual Forces (published 1846) In 1847 Helmholtz 
published Ueher du Erhaltung der Kraft These, with Joule’s 
paper of the same year, are the first general accounts of the 
conservation of energy (Whetham, p 246, cf Rucker, 
Fortnightly Review, 1894, P- 652). 

J. P. Joule (English. 1818-1889), failing to secure a 
professorship, “remained a brewer, but continued scientific 
research throughout life.” To him is due the credit for 
establishing the mechanical equivalent of heat, upon which 
he experimented for forty years In his own words: “The 
grand agents of nature are, by the Creator’s fiat, indestructible', 
and . . . wherever mechanical force is expended, an exact 
equivalent of heat is always obtained” [Scientific Papers of 
J. P. Joule, p. 158. London, 1884). In April, 1847, Joule 
gave in a lecture what A W. Rucker considered “the 
first full and clear exposition of the universal conservation 
of that principle now called energy ”, and in the following 
June he read a paper before the British Association. Thanks 
to W. Thomson, this paper attracted the attention of 
scientists, and Joule and he got together to pool their 
knowledge (Cajori, p. 220). 

H, von Helmholtz (German: 1821-1894), like Mayer, 
Black, and Young, began as a physiologist and became a 
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physicist. He was also a mathematician and one of the 
best all-round scientists of his century. Independently of 
Joule he enunciated the conservation of energy in 1847; 
but later he admitted Mayer’s priority (Cajori, pp. 221-3) 
Again German scientists were slow to appreciate the work 
of one of their own number, possibly because Helmholtz 
was only twenty-six at the time 

After Joule had shown that the amount of energy in 
certain systems was constant, the work done being equivalent 
to the total heat produced, allowing for dissipation, this 
idea was gradually extended to cover other forms of energy, 
for instance, electrical and chemical energy and animal 
heat. And throughout the mneteenth century this “law” 
seemed to have no exceptions. It was a generalisation of 
the highest importance, comparable to that of the conser- 
vation of mass originated by Lavoisier. They became corner- 
stones of scientific philosophy as of practical physical science; 
and from the isolated systems for which they had been found 
true experimentally they were assumed to be true for the 
universe at large As Whetham says, “The principles 
passed from safe guides for empirical advance in knowledge 
into philosophical dogmas of doubtful validity” {ibid, p. 
247; cf III(c), 1, below) But for many years no such sus- 
picions troubled the minds of scientists These great prin- 
ciples were not then recognised as ultimately affairs of 
probability and statistics. They worked excellently in 
physical science, and very soon it was found that they 
operated in the organic world too, at least within the limits 
of experimental error. 

Though the brilliant work of Faraday (1791-1867) in 
electricity and magnetism lies outside the scope of this 
book, we should note that he helped to show the dominance 
of physical laws in the organic sphere. “In no case,” he 
wrote, “not even in those of [electric fishes] is there a 
pure creation or a production of power without a corre- 
sponding exhaustion of something to supply it” (Sedgwick 
and Tyler, p. 355) 

Various scientists have verified within the limits of experi- 
mental error Helmholtz’ prediction that these laws would 
apply to organisms, including Man. The famous experi- 
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ments of Atwater and Benedict (U S. Department of Agri- 
culture, 1903) demonstrate that the normal human body 
obeys the conservation of energy as well as of mass with a 
display of evidence which cannot be gainsaid. Every pre- 
caution to eliminate error was taken and the experiments 
were numerous, varied, and piolonged. The subjects were 
healthy and intelligent young men 

So in many respects an orgamsm behaves like a physical 
system (but cf. III(A), 3, n). Its energy is dependent upon 
energy gained from outside, from radiant energy as in 
plants, or chemical energy as in animals There is no vital 
force which can nullify the principle of energy, still less 
that of the conservation of mass. So at least it seemed 
absolutely in the nineteenth century, so it is to-day for all 
practical purposes. So again crude vital force doctrines 
were defeated and mechanism triumphed. 

(iii) Geology; umformitanaii ideas, Lyell, etc. Extension of idea 
of natural law from chemistry and physics to biology. 

The history of geology has been written by H A. von 
Zittel, H. B. Woodward, and Sir A. Geikie, there are good 
summaries by Rastall (E B , 10, 154), Locy [op. at, Gh. 
XV), and others. Here it is only necessary to recall how, 
as geology became organised, it came, with the physical 
sciences, under the sway of those laws of cause and effect 
and conservation of mass and energy which strengthened 
mechanistic belief and destroyed many of the vitalistic 
ideas current in the early nineteenth century. In particular, 
geology clashed victoriously with the literal acceptance of 
the first chapters of Genesis as an exact summary of the 
physical history of the world, and so weakened the argument 
for vitalism which was derived from the belief that the 
Creator had miraculously made all species of organisms in a 
special manner, and prepared the way for acceptance of 
the idea of orgamc evolution [cf. 11(a), i, and sec. iv below). 

Till the last quarter of the eighteenth century geology did 
not exist as a science [cf. Woodward, p. 24); this applied 
particularly to palaeontology. The idea of Theophrastus 
[c. 300 B.c ) that fossils were caused by some “plastic virtue 
latent in the epth” was repeated much later, though some 
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Greek thinkers saw that they were organic remains But 
even up to a d 1800 or so, fossils were variously held to be 
freaks of nature, pioducts of inorganic changes in the earth 
such as “fermentations”, or stiangc special creations, 
possibly deliberately placed by the Creator to bamboozle 
geologists and test the faith of mankind (Whetham, op. cit., 
p. 334; cf Locy, Ch XV). Rationahstic persons explained 
sea-shells found on mountains as the discarded cockles of 
pilgrims , the faithful thought that the bones of great mon- 
sters indicated gigantic size for the patriarchs; and so on. 

1790-1820 is Zittel’s “Heroic Age of Geology.” Werner 
(1749-1817), despite his “Neptumst” errors, taught much 
about early formations and something concerning the rela- 
tion between fossils and the age of deposits J Hutton 
(1726-1797), who coriected the mistakes of Werner con- 
cerning the origin of igneous rocks, put geology on a scientific 
basis in his Theoiy of the Earth, and his teaching was popu- 
larised by Playfair (1802). William Smith, the “father of 
English geology” (1769-1839), taught the recognition of 
strata by their characteristic fossils and produced the famous 
geological map of Britain In 1807 the Geological Society of 
London was founded Its work, with the individual re- 
searches of Hutton, Smith, Lycll, Sedgwick and Murchison, 
shows how large a part Enghsh scientists took in making 
geology a science and in laying down the uniformitarian 
ideas specially emphasised by Hutton and Lyell. Incidentally 
we may remark that a number of the earliest members of the 
Society were clergymen; free thought concerning geology 
was by no means entirely opposed by the Church of England, 
though Dean Buckland did try to check the spread of anti- 
Mosaic ideas. 

von Buch (1774-1853) was described by A. Geikie as the 
most illustrious geologist Germany has produced. In France 
Cuvier for vertebrates and Lamarck for invertebrates laid 
the foundations of palaeontology. 

During the years 1830-1833 Sir Charles Lyell brought 
out his monumental Principles of Geology, embodying the work 
of his immediate predecessors, adding important observa- 
tions of his own, and welding the whole into an argument 
for the unrelieved reign of cause and effect in the history 
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of the world from the earliest times down to Ins own, whieh 
was not only good reasoning in itself but blended admnably 
with the similar mo\ements of thought ivhich were occurring 
in other branches of science Though Lycll was only con- 
verted to organic evolution by Darwin’s Ongtn after 1859, 
and though he expressly disclaimed a materialistic tendency 
in his work {Antiquity of Man, final section), it was generally 
held to support the mcchamstic trend in philosophy and so 
weakened belief m vitalism. 

For the principles of the conseivation of mass and energy 
did not represent the whole mechanistic influence exerted 
by physical science upon biology dui mg this period. Dalton’s 
work on “atoms,” or, rather, molecules, the kinetic theory 
of gases, the development of electricity, spectrum analysis 
and the consequent discovery of the uniformity of the 
elemental constituents of the universe, and other dis- 
coveries and generalisations {cf Sedgwick and Tyler, Ch. 
XVI; Whetham, Ch. V) all combined to produce an almost 
overwhelming sense of uniformity in nature, conveniently 
summarised in the expression “natural law” {cf Lodge, 
Modem Scientific Ideas, pp 9, 10) As Verworn {Irntability, 
pp. 21-30) and many others have pointed out, the term 
“law” is open to objection, and for any given effect a 
single “cause” is often assigned quite arbitrarily; other 
thinkers, such as Professor Wolf {Textbook of Logic, p 284 
seq ), consider that recogmtion of a causal relationship 
between antecedents and consequents is at least sometimes 
permissible. But, whatever phraseology may be thought least 
inappropriate, the fact remains that the idea of uniform be- 
coming or absolute correlation between an event and its ante- 
cedents, however much it was derived from “medievalism” 
or seventeenth-century materialism (Whitehead, Science and 
the Modern World, pp. 15, 190), was found, apparently, to 
apply to all physical phenomena in the nineteenth century, 
including those studied by geologists; and so the inference 
was extremely strong that the relatively small orgamc world 
was also subj'ect to this reign of umformity. This was 
actually found true for many details of orgamc phenomena, 
and It seemed likely that the others would prove amenable 
too when physico-chemical methods were further adapted 
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to the peculiar conditions of plants, animals, and Man. 
And in 1859 one great obstacle to this view was greatly 
weakened, even, m the opimon of many biologists of the 
period, absolutely removed 

(iv) Theory of organic evolution, its bearing on vitalism by de- 
struction, or partial destruction, of the special creation hypo- 
thesis; '‘Man's Place in Nature " Post-Darwinian mechanistic 
conceptions of Haeckel, Verworn, Loeb, etc 
The enormous importance of Darwin’s Origin of Species 
(1859) in the history of biology is well shown in the writings 
ofT H Huxley; for example* 

“We wanted not to pm our faith to that or any other 
speculation, but to get hold of clear and definite conceptions, 
which could be brought face to face with facts and have 
their validity tested The Origin provided us with the 
working hypothesis we sought Moreover, it did the im- 
mense service of freeing us for ever from the dilemma — 
Refuse to accept the Creation hypothesis, and what have 
you to propose that can be accepted by any cautious 
reasoner? In 1857 I had no answer ready, and I do not 
think that anyone else had A year later wc reproached 
ourselves with dullness for being perplexed with such an 
enquiry My reflexion when I first made myself master of 
the central idea of the Origin was,' How extremely stupid 
not to have thought of that!’” (Quoted by Whetham, 
op. cit , p. 299 ) 

Huxley makes abundantly clear that Lamarck, E. Darwin 
and other pre-Darwiman writers had entirely failed to 
convince their contemporaries of the validity of an evolu- 
tionary alternative to the Special Creation hypothesis; but 
that this was achieved by Darwin’s Origin. Haeckel’s testi- 
mony IS the same; and it is the more striking m that he was 
a great believer in Lamarck’s central doctrine — the inherit- 
ance of acquired characters {(f. p. 52). 

Lyell’s tribute to Darwin is well known. As Osborn 
says* “Lyell, who believed in Natureil Causation as part 
of his doctrine of Umformity, had been teaching that, ‘as 
often as certain forms of animals and plants disappeared, 
for reasons quite unintelligible to us, others took their place 
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by virtue of a causation which was quite beyond our com- 
prehension ’ He had carefully studied, and rejected, the 
Lamarckian explanation” {From the Greeks to Darwin, p 227) 
And Professor W. W Watts made the same pomt in his 
presidential address to the British Association in 1935: 
“Lyell had been unable to trace any continuous develop- 
ment m the organic world parallel with the uniform 
geological development which he had enunciated, and his 
conversion to Darwin’s view was one of the greatest tributes 
from a master to a pupil” {Dtscovety, Oct. 1935, p 290) 

Agassiz, Owen, and some other leading biologists of the 
period remained unconvinced, and Kolhker and Nageli in 
Germany, the former more clearly and skilfully, criticised 
natural selection while accepting organic evolution {cf 
Singer, History of Biology, pp. 304-5); but they were but 
few, and the rising generation of scientists became Dar- 
winians almost to a man (but cf. II (if) below). The diffi- 
culties seen by critics from 1890 onwards concerning the 
theory of natural selection troubled very few minds in the 
latter half of the nineteenth century. The triumph of 
organic evolution through the agency of natural selection 
became one of the strongest factors in producing the 
mechanistic outlook typical of the period In other words, 
“Darwinism” for most people implied a good deal more 
than Wallace, its co-discoverer, admitted after 1864 {My 
Life, ii, p. 17; cf II(<I), 11) or than Darwin himself suggested 
in his principal work. 

The bearing of all this upon the vitalist-mechamst con- 
troversy requires some explanation, as it is sometimes claimed 
that Darwin should not be brought into it at all, that he 
never identified himself with materialism or vitalism, though 
the “tendencies” of which he made such use have a vitalistic 
sound. The last two propositions may be fully admitted. 
But on at least two points his great influence was on the 
side of deterministic philosophy in general and against 
vitalism in particular. 

The special creation theory supported the dualistic 
vitalistic idea that the organic world is of a separate order 
from the inorganic and gave a background, whether acknow- 
ledged or not, for belief m organisms possessing special powers 
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and properties not pertaining to non-living matter; and the 
decay in the scculai belief in ahiogcncsis strengthened this 
dualism {cf n(rt), i and TI(c) Dai win’s work reduced this 
backgiound considci ably, presenting the whole of the 
animal and vegetable kingdoms as the offspring of “a few 
forms” or even “one” {Origin, last sentence) which became 
enormously modified under mechanistic influences. Haeckel 
(see below) made a speculative jump fiom the vantage 
ground provided by Darwin and assured the world that the 
few forms or one must ha\c arisen from morgamc matter 
through ordinary physical and chemical changes in a dim 
past and so secured the foundation for his mechamstic 
monism 

Secondly, it was not Haeckel’s wild speculations but 
Darwin’s massive learning and sombre argumentation that 
had most effect in shaking — ^for many people, destroying — 
another citadel of vitalism Human consciousness, apparent 
free-will, and most ceitain powers of intellect, mord and 
aesthetic judgment — not to speak of alleged capabilities for 
entering into communion with an allegedly real spiritual 
world — had, as they always do and will, presented a tre- 
mendous obstacle to a purely mechanical view of life What- 
ever might be the truth about amoebae, liver flukes, crabs, 
even vertebrates, it seemed that the mind and spirit of Man 
might well belong to a different order. 

But Darwin opened the eyes of Huxley; and Huxley 
published his Evidence as to Man’s Place in Nature in 1863, to 
show that anatomically Man is not more different from the 
great apes than their species are from one another; and 
that very probably Man was evolved from ammal ancestry 
without any great break in the process {Huxley’s Essays', 
Everyman’s Library, pp. 96-102) ; concluding with the opinion 
that “the attempt to draw a psychical distinction is equally 
futile.” Darwin published his Descent of Man in 1871 and 
The Expression of the Emotions in 1872. For the first-mentioned 
thesis he invoked the aid of sexutil selection to a degree 
which many modem critics think excessive, and which 
A. R Wallace combated vigorously {My Life, ii, 18; Tropical 
Nature, Ch V; Darwinism, Ch X). As regards the second 
we may agree with Whetham that it marked an epoch and 
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began modem comparative psychology, “which has thrown 
so much light on the human mind” {Huloiy of Science, p 327). 

Streeter, the theologian [Realtly, p 6) Driesch, the biologist 
{cf. Ill (a), u), and a host of minoi writers agree that under 
Darwin’s theory, “All can be explained in terms of mech- 
anism, automatic and unconscious ” And though I do not 
go so far as this myself {cf sec. v), the importance of “Dar- 
wimsm” as expounded by Haeckel and others, and even as 
largely explicit in Darwin’s own books, as an anti-vitalistic 
influence has, I think, been demonstrated 

Psychology became largely dominated by psycho-physical 
parallelism, which lent itself— like Cartesian parallelism — 
to mechanistic interpretation of the behaviour of Man, while 
anti-vitalistic epiphenomenahsm flourished {cf Driesch, 
op. at., p. 147; and III(6), 2, i, below) 

Interest m the “physiology of morphogenesis” died down 
though Darwin’s ideas roused intense interest in comparative 
morphology. The emphasis now lay on what developed, not 
on how or why it developed. And, as Driesch remarks, this 
change too undoubtedly weakened the cause of vitalism 
{op at., p. 147). 

The anti-vitahstic influence of developments m physiology 
has been described m section 1 above. The “cell theory,” 
founded by Schleiden and Schwann in 1838 and elaborated 
by many others {cj Locy, Gh. XI), was another division of 
biological progress which came to exercise a mechanistic 
influence by encouraging the too exclusive study of cells 
against that of the organisms as a whole, as Durken points 
out {Experimental Analysis of Development, p 33). Driesch also 
considers the development of histology as one of the matters 
in which greatly increased knowledge led to the belief that 
aU else could be comprehended in a similar way, and so 
encouraged the growth of scientific naturahsm {History of 
Vitalism, Gh. Ill; cf. section v below). 

E. Haeckel (German: 1834-1919). — ^The mechanistic 
movement in biology reached its high-water mark — or its 
nadir, according to the point of view — ^in Ernst Haeckel. 
From 1862 till his death he worked as a professor at Jena 
University, and became famous as a prolific writer on 
biology and atheistic momstic cosmogony. 
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Before passing lo a brief critique of his anti-vitalistic views 
I would pay tribute to his great sei vices to the cause of biology 
in two respects His “extraordinary power and industry” 
applied to the zoology of the Protozoa, Sponges, and other 
lowly animal groups produced a series of magnificent mono- 
graphs, many of which dealt intli the new material collected 
during the voyage of H M S Challenger (1872-1876). And, 
though he quickly added to it a mass of erroneous doctrines 
of his own, he as the first great German biologist to accept 
the Darwiman basis for organic evolution, and so to spread 
evolutionary ideas successfully among that scientific nation. 

His General Morphology, 1866, was the first modern system 
of zoology based on an evolutionary classification. But it 
was marred by the introduction of hypothetical ancestral 
.forms — Aichi-Mollusca, Ideal Craniates and the like — 
together with other speculations which were, and arc, “mere 
figments of imagination” (Parker and Haswcll, vol. ii, 
p. 686, 1910 edn ). His best-known work. The Riddle of the 
Universe, appeared in 1899, being translated into English 
the following year Here he apphed his monistic materialism 
to philosophy and against rehgion, denying vigorously the 
existence of God, human free-will, and immortality, prim- 
arily because of his “law of substance ”, which is an illegiti- 
mate extension of the principle of conservation of energy. 
In The Wonders of Life (1904, Eng trans , 1906) he replied to 
some criticisms of the Riddle and repeated much of it with 
some additions. 

Even W. P. D Wightman, who agrees with Haeckel’s 
general monistic attitude to a considerable extent, admits 
that “Despite his optimistic statement that many of these 
iiddles {Riddle of the Universe, p. 153) were in principle 
solved, few men of science would now make any such claim.” 
Wightman also criticised many of Haeckel’s philosophic 
views and his abusive treatment of those who disagree with 
him, concluding shrewdly that he is too addicted “to the 
philosophy of ‘nothing but’ ”, from which he escapes only by 
the ambiguity of his terms {Science and Monism, 1934, pp. 257, 

258). 

But we are not concerned here with his philosophy. As 
the Encyclopaedia Bntannica (ii, 68) says, he “occupies no 
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serious position in the history of philosophy”; though “he is 
very typical of the school of extreme evolutionist thought.” 

Haeckel’s ideas about abiogcnesis are dealt with below 
( 11 (c), ui). He rightly regarded it as essential for a thor- 
oughly mechanistic view of organic nature and its monistic 
unity wdth “the mechanical and natural character of the 
development of inorgamc nature . . . established mathe- 
matically ... by the great atheist Laplace (1799)” {Wonders 
of Lfe, p 376). Darwin’s Origin, he claimed, made possible a 
mechanical explanation of organic nature, which Haeckel 
himself supplied in his General Morphology. He saw that the 
“Struggle for Life” had, or could be given, a purely mechani- 
cal significance, and ignored Darwin’s wise reticence about 
such allied matters as the creation of life and the mystciy of 
the variations without which natural (or any other) selection 
is helpless. Haeckel’s so-called “fundamental biogenetic 
law” — that ontogeny recapitulates phylogeny — was formu- 
lated and used by him in the same dogmatic style as all his 
other beliefs and disbeliefs Haeckel, of course, did not 
discover this alleged “law ” In a truer and more moderate 
form this generahsation was suggested by the great embry- 
ologist von Baer, and even by Agassiz, being also used by 
Fritz Muller and F M Balfour It is now recognised that the 
principle has been overworked {cf Locy, pp. 230-32) ; and if 
Berg {Pf ontogenesis I cf III (6), 3, in) proves to be right — as I 
consider he will, partly at least — and the Darwimans wrong, 
this “law” IS often misleading, even in its mildest expression. 
To return to Haeckel — as he made psychology merely a 
sub-division of physiology, and the mind of man and con- 
sciousness the results of “nothing but” matter and energy 
{e.g. The Riddle, Ch. X; Wonders of Life, p. 345 et seq.) he 
found it necessary to provide every cell with psychic pro- 
perties of a sort, and even atoms with “feehngs” and “in- 
clination” {Riddle, pp. 64, 78; Wonders of Life, p. 307 et seq.), 
all substances being endowed with “soul ”, which is, however, 
the same as energy and “unconscious.” 

There is, of course, no room for any vital force anywhere 
{eg. Wonders of Life, Ch. XVI), and opposition views are 
treated with contempt; for instance, Driesch, described 
appaiciitly as a botamst (!) who accuses all “Darwinists” 
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of softening of the brain, and so foith, is said to have 
arrogance about equal to his obscurity; and so on {ibid., 
P- 379 )- 

Admirable though easy criticism of some of Haeckel’s 
misstatements is given by A R Wallace in The World of Life 
(pp 3-8, 333, 363). A profusion of strange and often con- 
flicting terminology, dogmatic statements, many now seen 
to be partly or wholly wrong, and abuse of all opposition 
characterise the mechanism of E. Haeckel. 

Max Verworn (German) — ^Among many physiologists 
who have ad\anccd knowledge by using physico-chemical 
methods Verwom desenes brief mention. His “biogen” 
hypothesis [Physiologic, 5th edn , pp 578 et seq ), “a hypo- 
thetical combination of liMng substance which continually 
disintegrates and builds up again of its own accord” [Irrit- 
ability, p 112), IS one of the many mechanistic suppositions 
of the post-Darwin era which have proied to be entirely 
baseless and untrue. 

hntability, which contains his mature thought on the 
subject, is largely concerned with metabolism. “Self- 
regulation” by the living substance after fatigue or disease 
is emphasised, and though this sounds vitalistic, he explains 
It as due to mass equilibrium between the quantities of food- 
stuffs and the quantity of “biogen” [ibid., p. 112). This, 
he thinks, is homologous ivilh chemical equilibrium in the 
non-living world, though his treatment of the one-way 
reaction in an orgamsm as compared with the reversibility 
of analogous chemical reactions is purely speculative [ibid., 
p. 114) There are many other such assumptions in the book, 
as in others of the same nature, though on experimental 
details he is careful and exact 

His attempts at making a mechanistic philosophy of 
physiology and so of biology in his General Physiology are 
shovra to be hopelessly confused by Woodger [Biological 
Principles, 1929, pp. 98-101); and this applies also to his 
efforts to criticise vitalism [ibid., pp. 238-40). He falls into 
solipsism when he claims that physical laws are merely laws 
of “ our own ” mentality, and into a prion dogmatism when he 
postulates that vital phenomena must be governed by the 
“laws” that govern the material world. In other words, his 
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attitude is largely that of Haeckel and J. Needham {cf. 

111(6), 3= ii) 

Another notable exponent of mechanistic ideas was 
Jacques Loeb (1859-1924). He too was German by birth 
and training, but after 1892 he worked in the United States. 
His chief biological woik was done in physiology and arti- 
ficial parthenogenesis 

In The Dynamics of Living Mailer, published in 1906, he 
considers “living organisms as chemical machines ”, claiming 
that “no variables are found in the chemical dynamics of 
living matter which cannot be found also in the chemistry of 
inanimate matter” (p i) His view that “ abiogcncsis is the 
goal of biology” is considered in 11 (c), 111, below He quotes 
Mendel with approval (pp 3, 183), but refers to him not as a 
biologically minded monk but as a “teacher of physics”, 
and fails to point out that Mendel’s work deals only with 
already existing characters, not at all with their origin. As is 
natural in a book published in 1906 his notes on the work of 
de Vries (pp. 224-5) arc now quite out of date, a criticism 
which applies to much else in it 

That living things are profoundly influenced by their 
inorganic environment is undoubtedly true, and Loeb gives 
many interesting examples of the cflccts of solutions of various 
salts and other physical factors upon the development and 
life of marine animals, notably in his Lecture V. His ac- 
count of morgamc artificial fcrtihsation in certain animals 
is interesting and important, and his Lecture IX tends to 
give the impression that fertihsation is equivalent merely to 
a chemical stimulus, apart, of course, from its effect in giving 
the male parent’s characters to the offspring Yet, at the 
end (p. 223), he states that fertihsation is “ a hfe-saving act ”, 
and that mature eggs usually die “very quickly” under 
conditions m which immature or fertihsed eggs remain alive 

But what a vast deal of sack for an obol’s worth of bread, 
as Falstaff’s Prince would say! There is really no comparison 
between this “hfe-saving act” upon an ovum and any 
reaction in inorganic chemistry. A vastly complicated series 
of meticulously correlated reactions is set up m one case, in 
the other, if a reaction is induced by some chemical it pro- 
ceeds relatively uniformly and simply without increasing 
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complexity Further, tlic whole business of artificial fertilis- 
ation does not take us so far as the parthogenesis found natur- 
ally in many groups of insects, in which an ovum starts on 
its amazing career without any external stimulus at all. 
Yet who will pretend that parthenogenesis is an argument 
for mechanism^ 

In Lecture XI a glaring example is given of the futility 
of mechanism and of the a pnon desire of materialists to seek 
any hypothetical refuge from unpalatable ideas Sachs is 
described as originating “the only scientific hypothesis of 
morphogenesis which we thus far possess.” The reader then 
finds that this ‘‘only scientific hypothesis” rests upon a 
colossal assumption — “Sachs takes it for granted that the 
variety in the form of organs is determined by a correspond- 
ing variety in their chemical constitution” (p 199) This 
petitio princtpi is supported by a scanty selection of elementary 
botanical observations Then another, highly dubious, 
“assumption” of Duhamel, that the sap in plants flows in 
two currents, one ascending and stem-forming, another 
descending and root-forming, is brought m to fortify what 
Sachs “imagines” {op at, p 200) The illustration that 
shoots and roots occur at the cut bases of leaves, “eg in 
a Begoma ”, docs not prove the existence of the two mysterious 
saps at all For example, most leaves do not produce buds 
on their edges, but leaves of Bryophyllum do But these and 
similar facts do not prove the existence of two saps or the 
validity of mechanism All that they show is that plants 
vary greatly in properties, and that these properties are 
quite unlike those of inorganic substances 

Tropisms and taxes form a favourite argument for Loeb 
(Lectures VII and VIII) Again we arc faced with a number 
of interesting but disconnected facts — assunnng that they 
really are facts — about certain lowly organisms, which 
differ greatly in their reactions to light, and so on; but 
these laboratory phenomena are too slight to form the basis 
of a general biological theory, such as “ the origin of purpose- 
ful reactions by the blind forces of nature” {op. at., p 160). 
And m higher animals, especially under natural conditions, 
we find far more complicated and autonomous movements. 
Occasionally Loeb quotes experiments upon butterflies, 
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creatures to the study of which in a wild state in Malaya I 
have myself given considerable attention The highly vaned 
and adapted reactions to light, scents, and situations generally 
of the very various kinds of butterflies are actually quite dif- 
ferent from the simple taxes that Loeb describes. His theory 
is certainly inadequate for the numerous cases when, say, the 
female of a certain species will seek shade for rest or for pro- 
tection, suitable parts of plants for ovi-position, flowers or 
perhaps dung for food, and biight sunlight for other reasons 
all within an hour or two (contrast op at , pp 1 38-40) 

But enough has been said to illustrate both the dogmatic 
a prion nature of Loeb’ s mechanism and the fallacies to which 
it leads. Yet this style of reasoning was common in the later 
part of the nineteenth century and still continues in some 
quarters to the present day {cj III (6), 3, u) A brief but 
excellent criticism of Loeb’s theories, especially of his dictum 
that “the problem of hybridisation and heredity must 
[italics mine — L. R W.] be transferred from the morpho- 
logical to the chemical or physico-chemical school ”, was 
given by Sir W. Tilden in Chemical Discovery and Invention in 
the Twentieth Century (pp. 465-7; cJ 11 (c), 111) How can 
chemistry and physics explain heredity^ No amount of 
culture or of neglect will induce wheat seeds to produce any- 
thing but wheat So Tilden says, and if it be objected that it 
is internal not external chemico-physics that does the trick 
this IS only a chcmico-physical way of saying, as vitalism 
says more plainly, that orgamsms do what morgamc matter 
cannot. So too with propagation in animals and the inherit- 
ance of all their physical and mental properties; “in the 
whole range of physical and chcnucal phenomena there is 
no ground for even a suggestion of an explanation.” 

Other valid criticisms of Loeb’s position are given by 
E. S. Russell m The Behaviour of Animals (pp. 9-10, Ch. IX, 
etc.), which is discussed in HI(i/), i,u below, and even by E. B. 
Wilson the cytologist (Woodger, Biological Theories, p. 256 jej ) ; 
and by Durken (HI(i), 3, v) and Johnstone (HI(il), i, i). 

(v) Mechanistic Philosophy 

The triumphs achieved in chemistry, physics, and geology 
and the establishment of bchef m orgamc evolution by 
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Darwin and Wallace with natural selection as the chief 
means thereof produced a mass of philosophic and pscudo- 
philosophic works extolling materialism in general and 
mechanism in biology in particular. Many of these may be 
reasonably left to students of philosophy Some, such as those 
of Haeckel and Verwom, have been considered elsewhere in 
this book {vide sec. iv above, and III (6), 3, li). Others de- 
mand brief mention at the close of the present chapter as 
illustrative of “ anti-vitahstic ideas” of the period 

As Whetham says {Histoiy of Science, p 320), the French 
philosophic materialism of the eighteenth century {cf. 1(6), 
2, lii) was revived in the nineteenth century in Germany. 
“ Helmholtz and other physicists regarded the reduction of 
a problem to mass and force as an adequate solution . . 

But those who were not famihar with physics misunderstood 
them, and thought they regarded a mathematical solution 
as an ultimate explanation ” Moleschott, Buchner {Kraft 
md Stof), and Vogt used the science of their time, especially 
physiology and psychology, to produce a “materialistic 
metaph)sic” (Driesch) in which force and matter appeared 
as the ultimate realities and thought was merely a secretion 
of the brain. Such writers are not taken as serious contri- 
butors to philosophy nowadays But in their time they and 
similar writers produced in the minds of many educated 
people, including many students of science, an atmosphere 
utterly hostile to any vitalistic approach to the problems of 
biology Only gradually was this atmosphere changed 
{cf III (6), I, i, 2, iii) 

Driesch deals briefly with “The Critics; and the Material- 
istic Reaction” of the mid-nineteenth century in his History 
of Vitalism (Ch. II). As his own arguments for vitalism are 
based on morphogenesis and human action {ibid , Part II(/) ; 
cf. my III (a), ii, below), he is not concerned with its apparent 
collapse caused by the chemical discoveries of Wohler and his 
colleagues He considers that the only valid criticisms of “ the 
older Vitahsm” came from Lotze (1817-81) and C Bernard; 
but that both were forced to admit the existence of a con- 
siderable substratum of truth in the vitalistic position, so 
that their criticisms were not refutations, though they were 
wrongly interpreted as such at the time. This view of 
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Bernard is justified {cf. sec. i). Lotze (Wagner’s Diclimary 
of Physiology, 1842; arts • “Life and Life-force, Instinct, 
Soul and Soul-lifc”) was, like Bernard, justified in attacking 
current presentations of vitalism, but neglected those of 
C. F Wolff and Blumcnbach; and the absence of regulation 
in some life processes is not, as Lotze claimed, a disproof of 
vitalism while its occurrence, even in some processes only, 
is a proof. Finally, Driesch analyses Lotze’s view of the 
“soul” as “something entirely new in relation to the rest of 
nature ”, and finds that Lotze, though rejecting vitalism in 
general, held vitahstic beliefs in this hmited field [cf E.B., 
14, 406). 

Like the present writer, Driesch considers that a history of 
vitalism cannot omit reference to “ Darwinism ”, with which, 
as expounded by Haeckel, T. H. Huxley, and many other 
nineteenth-century Darwinians, a materiahstic outlook was 
closely allied. He mentions four factors which profoundly 
influenced scientific thought in the second half of the century, 
as follows : 

(1) The rise of a materialist metaphysic, as expressed by 

Moleschott, Vogt, and Buchner; 

(2) “Darwinism”; 

(3) Robert Mayer’s enunciation of the law of conser- 

vation of energy (a typically German ascrip- 
tion — L R W ) ; 

(4) The development of histology with the help of im- 

proved optical instruments. 

Of these (2), (3) and (4) are discussed in my sections ii 
and iv above, (i) in this one, and Driesch’s criticism of 
Darwinism in II I (a), li 

For Driesch the attitude of scientists in the generation 
before his own was one of “absolute negation”, and the 
“chance-theory”, as he terms Darwimsm, had no place 
for any but a mechanical interpretation of life. But here 
Driesch is too sweeping. Wallace combined “Darwinism” 
with a spiritual view of life; so did Charles Kingsley, who is 
quoted in the Origin, the late Archdeacon J. M. Wilson, and 
many other clergy and scientists (II (rf), ii and iv). And while 
Driesch selects E. du Bois-Raymond (1848) and Helmholtz 
{Vortrage und Reden, 1884) as two of the greatest thinkers of 
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their age who both declare against \itahsm in any form, 
Whetham mentions the former and his brother Paul as 
critics of the ‘‘dogmas of the German materialists and mech- 
anists” {op. cit , p. 342). But here Driesch is imdoubtedly 
correct {cf. du ^is-Raymond, Reden, i, 21 1 seq.', quoted 
Merz, European Thought, ii, p. 216; and Reden, ii, 219 seq., 
Merz, i, pp. 217-18). 

Nordenskiold gives discriminating accounts of Haeckel 
{History of Biology, Ch XIV), Buchner, Moleschott, and Vogt 
{ibid , pp. 449-52, 521-2) ; and his Chapter VI is good on the 
development of physiology. 



II(<r).— THE ABIOGENESIS CONTROVERSY 
AND ITS VITALISTIC CONCLUSION 


“ Life’s advent was . . the most improbable and the most significant 
event in the history of the Umverse ” 

Sir F Gowland Hopkins {Advancement of Seunce, 1933, p a). 

(i) Historical. 

For much of this section I am indebted to the admirable 
summary of the history of the abiogenesis contro\ ersy given 
by Locy {op. cit , Ch XIII), though I prefer to make four 
divisions as compared with his three. A useful account is 
also given by Singer {Htstoiy of Biology, Ch. XII). 

The Bible gives little or no encouragement to the idea of 
spontaneous generation; h\mg things of all kinds are 
sharply distinguished from non-living matter, and their 
creation and sustenance attributed to the Almighty. But, 
in spite of this, from the time of Aristotle (384-322 b.o.) 
down to the experiments of Rcdi the Italian in 1668 belief 
in abiogenesis was univ crsal Aristotle taught it as a definite 
fact. His Histona Animalium is full of references to spontaneous 
generation for many animal groups, such as “insects ”, 
including “worms” {eg. V, 19-21, 55ia-553a, 31, 556b; 
32, 557). fishes (VI, 15, 569a), and eels (VI, 16, 570a). 
He also teaches it in the De generatwne for “testacca” (HI, 
II, etc.), for other sessile animals, and for all invertebrates 
whose young are different to the adult forms (I, i, etc.). 
Even in the seventeenth century Sir Thomas Browne’s 
scepticism about the generation of mice from decaying bodies 
was severely criticised by one Alexander Ross: “So we may 
doubt whether in cheese and timber worms are generated, 
or if beetles and wasps in cow-dung, or if butterflies, locusts, 
shell-fish, snails, eels, and such life be procreated of putrified 
matter. . . To question this is to question reason, sense and 
experience. If he doubts this, let him go to Egypt, and there 
he will find the fields swarming with mice begot of the mud 
of Nilus.” . . . Van Helmont (1577-1644) actually described 
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the way to generate mfre from non-living matter {Cambndge 
Readings in Science, p. 2 1 7) 

But no one really attempted to pro\e or dispiove the truth 
of spontaneous generation till Redi He placed meat in 
wide-mouthed jars; some of these were left uncovered, others 
were covered. Flies laid eggs and produced maggots in the 
uncovered meat; in the covered vessels the meat putrefied 
but no maggots were produced, though the flics laid eggs on 
the veils covering some of them and produced maggots 
there. So Redi disproved abiogenesis for such creatures as 
maggots, and shoived that they owed their existence to 
previously existing flics This sound experimental work was 
developed by Redi himself, Swammerdam (1637-1681), 
and Vallisneri (1661-1730), and for some time the doctrine 
of biogenesis reigned supreme. 

But the second period of doubt aiose soon afterwards. 
The microscopical discoveries of Leeuwenhoek and others 
revealed the existence of protozoa and other minute hving 
creatures; so it was conjectured and even maintained that 
spontaneous generation alone would explain their origin, 
especially as they abound in those warm, dirty messes which 
have always been its accredited locations. More than 
seventy years elapsed before this dev clopmcnt of the question 
was handled experimentally Needham, an English Jesuit 
priest living in Brussels, did careful experiments and pub- 
lished his results in 1748 He had boiled meat to get its juice, 
corked and sealed this is various phials, heated them re- 
peatedly, and set them aside to cool. The frequent heatings 
were thought sufficient to kill all forms of life; yet microscopic 
organisms appeared in the solution and abiogenesis seemed 
to be re-estabhshed 

The learned Spallanzani, also a Roman Catholic cleric, 
thought, correedy, that Needham’s experiments were not 
conducted with sufficient rigour. He was the first to use 
glass vessels for these researches, their advantage being that 
they can be made with long, narrow necks which can be 
hermetically sealed by fusing the glass. He repeated Need- 
ham’s experiments, but more carefully After his flasks had 
had their necks fused he immersed them in boiling water 
for three quarters of an hour. The organic fluids within 
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them remained unchanged, and no evidence for spontaneous 
generation was found 

Needham objected that this was not a proof, as such 
prolonged boiling would destroy not only “germs” but the 
“vegetative force ”, i e. the abihty to affect abiogenesis, of the 
solutions Spallanzani countered this by showing that even 
strongly boiled solutions produced numerous infusoria if they 
were exposed to infection from the air So biogenesis was 
re-established in 1775, even for micro-organisms. But Spal- 
lanzani was lucky as well as skilful; his results might have 
been vitiated had certain “germs” been present which can 
endure a temperature of 100° G. for several hours (Wyman; 
vide Locy, p 284) 

It seems desirable to consider the controversy based upon 
Priestley’s discovery of oxygen in 1774 as a separate, third, 
phase. It was soon believed that oxygen was essential for the 
mamtcnancc of all forms of life. So the abiogeneticists 
now suggested that Spallanzani had interfered not with 
a mysterious “vegetative force” but with an essential and 
thoroughly well estabhshed constituent of the air m his 
flasks. This objection was dealt with by Schwann, the founder 
of the cell theory, and Franz Schultze in 1836-1837. A flask 
containing organic liquid was fitted with a cork pierced by 
two bent tubes. Through one air was sucked out by an 
aspirator; new air entered the other, but it was purified by 
passing through bulbs containing sulphuric acid and other 
reagents ; so that unheated air, thought to be free from germs, 
passed into the flask The result was negative, and so again 
abiogenesis was disproved Tyndall, however, has pointed 
out that again the biogencticists were fortunate, as their 
precautions were not perfect {op cit., p. 285). They were 
sufficient for the period, however, it was clear that the 
generation of micro-orgamsms depended on something in the 
air, and in 1843 Helmholtz showed that this could not pass 
through a moist animal membrane and was therefore a solid. 

The question was, however, reopened once more. 
Pouchet in France in 1859 and Bastian in England in 1872 
decided on a pnon grounds that abiogenesis must occur, and 
in this frame of mind set out to prove that it did occur, despite 
the general scientific opmion of the day, based on sup- 
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posedly valid experiments, that it did not. And not for the 
first time, or the last, m the history of science, believers in a 
theory were able to establish it by experiments until abler 
and less prejudiced obseivcrs took the matter up anew 
Pouchet did the old cxpciiments and got different results 
which suppoited his dcsiicd conclusion He also went 
further and executed a new one, which was ingenious, 
though in fact not as perfect as he thought. 

He filled a flask with boiling water, sealed it, opened it 
again under mercury, and connected it with a retort in 
which oxygen was generated This artificially produced 
oxygen, free from germs once the air m the retort had been 
displaced, bubbled into the flask of, presumedly, sterilised 
water, and forced some of it out. Pouchet heated a pinch of 
hay strongly, gripped it with sterilised forceps, and pushed it 
under the mercury and into the bottle In a few da^s the 
boiled water m a flask supphed with pure oxygen was teem- 
ing with life The proof of abiogencsis seemed perfect 

To settle this impoitant matter a committee was appointed 
by the French Academy of Sciences, and it invilecl the aid 
of Pasteur. In 1864 he exposed the flaw in Pouchet’s experi- 
ment Using a beam of light in a dark room, he showed that 
the surface of the mercuiy was covered with dust and that 
particles adhered when hay or similar bodies weic pushed 
through It He followed tins up by numerous experiments 
showing that living germs actually float in the air, and that 
some can live without free oxygen He also demonstrated 
the efficacy of a plug of cotton wool for protecting stenlised 
fluids from germs while admitting air. 

Translated extracts from Pasteur’s account of his experi- 
ments and conclusions arc given in Cambridge Readings in the 
Literature of Science (pp 216-29). His brilliant reseaiches 
are often quoted as the end of the biogenesis controversy. 

But his results were still further estabhshed by J. Wyman 
of Harvard and Professor Tyndall. Wyman showed that 
many spores can resist boihng for several hours, so the modem 
method of discontinuous heating was introduced' by this 
spores which resisted the first boiling are killed subsequently 
when they have begun to germinate and their protective 
covermg has become softened. Tyndall (1820-1893) con- 
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tinued Pasteur’s work lu reply to the claims of Bastian His 
particular contribution \\ as based on Ins discoc'ery of optic- 
ally pure air, and a good summaiy ol the details of this 
beautifully planned experiment is given in Locy (pp 290-92). 
The result ivas to demonstrate conclusively that no gener- 
ation of organisms ever occurs unless the “germs” or spores 
of existing organisms are allowed admittance from the 
atmosphcie 

Locy sums up very guardedly by saying that, “So far as 
the ccidcnce goes, tlie spontaneous origin of life under 
present conditions is unknown” {op cit , p 293). 

Singer considers Pasteur’s as the critical experiment, 
adding that similar experiments have been devised when 
ncccssaiy to rebut opposition So abiogcncsis (there is an 
obvious misprint in the Encyclopaedia heie) is non-existent 
“under present teiicstrial conditions ” This, he points out, 
gives the biologist “a conception of the nature of life com- 
parable in Its value as a standard of scientific research to the 
doctrine of the conscrv ation of matter and of energy in the 
hands of the physicist.” So he rightly includes biogenesis as 
one of the six causes which rcvolutiomsed the outlook on the 
nature of living things in the period from about i860 to 1880 
(E B., 3, 617, cf Hisloiy of Biology, p. 442). 

Sir P. Ghahners Mitchell states the position with com- 
mendable force and clarity. “No biological generalisation 
rests on a wider scries of observations, or has been subjected 
to a more critical scrutiny than that every living organism 
has come into existence from a living portion or portions of a 
pre-existing organism” (E B , 3, 593). 

This IS the position adopted in this book, together with the 
“conception of the nature of life” described by Dr. Singer. 
It cannot be too strongly emphasised that theories about 
abiogenesis m the remote past, under different conditions, 
or in the future {cf. sec. hi below), however plausible they 
may appear or however attractive they are to those who wish 
to see biology contained wdthin a mechanistic framework, 
are theories and theories only, using the word m its vaguest 
sense For the historian of science and the student who seeks 
biological knowledge firmly based upon experiment biogenesis 
— omne mvum. ex vivo — ^is the umversal rule. 
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It IS to be noted that belief in biogenesis is supported 
pragmatically in countless ways, by antiseptic and aseptic 
surgery, by canning and other industries for the preservation 
of food, and so on, all these being successful practical ap- 
plications of the proven hypothesis that no life arises except 
from pre-existent forms of life. 

(ii) Its bearing upon Vitalism. 

Aristotle seems to present us with such a clear-cut vitalistic 
scheme, acceptable to such modern thinkers as Driesch 
{History of Vitalism, pp 20-21), that it is startling to realise 
that he believed that some plants and many ammals, 
possessing two grades of “soul,” habitually arose by spon- 
taneous generation. But this belief must be noted as a 
weakness in his vitalism which is too often passed over by 
his admirers, though it accords well with his conception of 
continuity in Nature {De partibus, iv, 5, 68 la; Historia 
ammahum, vui, i, 588b, quoted by Singer, Greek Biology, 
PP 30; 31)- 

The establishment of biogenesis as the unbroken rule for 
^11 orgamsms is an achievement of the later nineteenth cen- 
tury. By It various vitahslic theories stand condemned, 
including those of Oken and othci “nature-philosophers”, 
in which the abiogenetic origin of “infusoria” and hence, 
indirectly, of all higher forms is fundamental {cf II (a), n). 
Lamarck’s “philosophy” has been held to be vitalistic in 
trend {cf Driesch, Science and Philosophy of the Organism, 
pp 176-9), but he too made his supposed chain of orgamsms 
continuous with inorganic matter through abiogenesis 
{Zoological Philosophy, ipjy 176,187-9,236-44). Some modem 
philosophers, few of whom arc trained biologists or outdoor 
naturalists, approximate to the idea of abiogenesis m various 
ways, such as General Smuts in Holism and Alexandet, 
Lloyd Morgan, and others in Emergent Evolution {cf. 
Ill(i), I, ii and in). 

Dnesch does not deal with the origin of life in his argument 
for entelechy, but says that we know nothing about it 
{Science and Philosophy of Organism, p. 302). This is also the 
view of Sir F. Gowland Hopkins {Advancement of Science, 

1933. P- a)- 
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Vitahstic theories that are based upon abiogenesis must 
then be rejected as wrong; and indeed they have little to 
commend them on other grounds. The important question 
then arises whether biogenesis supports mechanism or other 
forms of vitahsm It undoubtedly supports a vitalisbc view 
of the phenomena of life, as mdicated in the preceding chap- 
ter Life, whatever else it may be, is a unique thing m the 
world ; it is not derivable from the ordinary forms of energy, 
though they are interchangeable among themselves, nor 
can it be obtained by jugghng with inorganic matter. 
Certain things — organisms — possess, or perhaps it is better 
to say arc possessed by, this unique characteristic, life; it 
is therefore natural that they should behave differently to 
things that are not endowed with it, just as physical systems 
possessing a difference m potential behave differently from 
a system containing the same amount of matter and energy 
but without difference of potential. It is not only possible 
but probable that living things should exhibit not only the 
normal reactions of their material parts considered as 
chemical molecules or as electrons and protons but other 
actions which non-living aggregations of molecules, electrons, 
and so on do not perform. Biogenesis makes a vitahstic 
outlook on such phenomena a reasonable one. 

But the existence of such reactions can and must be 
debated on its own merits. The mere existence of the 
phenomenon we call life, which is unproducible except from 
a pre-existent source of life, is itself a valid and distinct 
argument for vitahsm, the doctrine that living things are 
autonomous and exhibit powers which inorganic matter does 
not possess. 

(ill) Objections to the universality of biogenesis. The origin of life. 

Dr. Singer, after admitting the validity of biogenesis for all 
organisms under present conditions, is careful to add that 
this doctrine does not prejudge the question as to the first 
origin of life, nor the possibihty of its having arisen at 
different times and m different places {History of Biology, 
p. 442). This attitude has been common among biologists 
from the first establishment of biogenesis down to the 
present day; T. H. Huxley was one of its chief exponents 
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though he supported Pasteur {Essays VI- Everyman’s Library; 
cf. E.B., I, 48). This attitude therefore merits consideration 
here. 

Primitive forms of life must have first appeared either on 
this planet or elsewhere The second theory was put forward 
by the physicist Lord Kchin and others; it suggested that 
hving germs were conveyed to the earth m crevices of 
meteorites or on or with cosmic dust (panspermia). But, as 
Sir J A Thomson said (E B , 3, 608), it is not an easy hy- 
pothesis, in view of the need of protoplasm for moisture and 
a certain limited range of temperature. Theie is of course 
not a particle of actual evidence for it, and, anyhow, it only 
pushes the difficulty a step further back If living matter 
could not arise on the earth, to the conditions of which it is 
closely adapted, it is very unhkely that it could (a) arise more 
easily in another star or planet and ( 6 ) survive transportation 
through the cold and vast distances of interstellar space 
The notion that life as it is knoivTi to-day is as old as matter 
is simply preposterous 

"The only other scientific suggestion”, according to 
Thomson, is in fact abiogcnesis on the earth in the past, a 
hypothetical process sometimes termed archcbiosis It is 
extremely probable that the earth’s atmosphere contained 
much carbon dioxide m early times, and abundant warmth 
and moisture can be safely postulated. Baly and other 
chemists have synthesized formaldehyde and sugar, and even 
nitrogenous carbon compounds from formaldehyde and 
nitrites, using only ordinary sunlight with a “metallic photo- 
catalyst ” But, after giving this brief summary of the 
chemical experiments upon which belief in archebiosis is 
mainly based,^ Thomson goes on to refer to the living 
organism as apparently a new synthesis which exhibits 
“qualities that cannot be adequately described in terms of 
matter and energy”; so that some autonomy can be claimed 
for biology on his view (E B , 3, 608-9). 

The definitely anti-vitahstic, momstic reply to the con- 
clusive experiments of Pasteur and Tyndall may be illus- 

* It seems unnecessary to refer in any detail to such theories as that of The 
Origin of Living Mailer, by Gray and Bhgh, 1933, which depends on “binary 
atoms ” supposedly produced by the energy set free by the splitting off of the 
moon from the earth. 
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trated by extracts from Haeckel {Wonders of Life, Gh. XV, 
1906) and W. P. D. Wightman {Science and Monism, 1934). 

Haeckel represents Darwin as saying that he “‘has nothing 
to do with the origin . . of life itself. ’ ” This Agnostic 
position, he adds, is held by a number of distinguished 
modern (1906) scientists He has already dismissed super- 
natural creation in any form as “ based on pure superstition ”, 
though held by the botanists Wigand and Reinke {op. ciL, 
p. 352) and actually expressed by Darwin in all editions of 
the Origin (concluding section). He also rejects, I believe 
rightly, the views of Kelvin, Helmholtz, and others, that hfe 
has reached this planet from meteors, and of Fechner and 
Preyer that life is due to an ill-dcfincd life in the elements of 
the world, both suggesting an eternal existence of “life.” 

His own hypothesis, termed variously “autogony ”, “arch- 
igony ”, or abiogenesis, was first formulated in his General 
Morphology (1866). The various conditions necessary for 
life are enunciated fairly, with a reference to the early 
incandescent state of the earth, which till educated people 
accept nowadays. He then solves the difficulty blandly by 
stating that, when the earth’s crust became cool enough, the 
first chemical processes to occur “must have been catalyses, 
which led to the formation of albuminous combinations, and 
eventually of plasm” {i e protoplasm). Hence the earhest 
orgamsms must have been “plasmodomous monera” or 
“structureless organisms”; then came probably homo- 
geneous globules of plasm, and then the first cells {op. ciL, 
pp. 355-6). The likelihood of this sequence “appeals direcdy 
to the biochemical facts of vegetal physiology ” ; and so forth. 

Pfluger elaborated a “cyanogen-theory of abiogenesis” 
based on the “chemical fact” that cyanogen and its com- 
pounds, also carburetted hydrogen, are only formed at 
incandescent heat. ‘“Hence life was bom from fire’” . . . 
and so on. This is used to supplement the “monera-theory” 
of Haeckel {op. cit., pp. 359-62, 370). 

He naturally also quotes the great botanist C. Nagali in 
support, to the following effect: 

“‘The origin of the organic from the inorganic is . . . not 
a question of experience and experiment, but a fact [italics 
mine — L. R. W,] deduced from the law of the constancy of 
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matter and force. If all things in the material world are 
causally related, if all phenomena proceed on natural 
piinciplcs, organisms, winch arc foimcd of and decay into 
the same matter, 'must ha\c been denied oiigiiially from 
inorganie compounds” (A Mechanical-physiological Theory of 
Evolution, 1884). 

Thus, e\en in 1906, were behevers in materialistic and 
atheistic monism confirmed in the true faith and shielded 
from the temptation to think that there might possibly be 
anything unusual about the origin of life To my mind this 
passage IS nonsense; viewed more kindly, the claim for a 
deduced “fact” being set aside, “this excellent and clear 
declaration of a distinguished scientist and profound thinker” 
(Haeckel, op cit , p. 358) simply boils down to the truism 
that organisms obtain their matter from inorganic matter 
and return it to inorganic matter when they die — and also 
during katabolism, Nagah might have added 

A summary of the work of Redi, Spallanzani and Pasteur 
is given fairly; but it is explained that such work docs not 
destroy the theory of abiogencsis but only what Haeckel 
terms “saprobiosis” or “the formation of lower organisms 
out of the putrid . . . elements of higher organisms” {op cit , 
pp. 363-7) . Haeckel claims that the conditions of existence 
when life fiist appeared were “totally different” from what 
they are now; but, like some more modem theorists, he 
forgets that the more unlike the conditions were the more 
unlikely is it that a form of life then produced, if it ever was 
produced, would adapt itself to “totally different” con- 
ditions later. 

Wightman gives the views of an able modem monist; for 
obviously abiogenesis would be an important link in securing 
that unity between living and non-living matter which is 
desirable or essential for monism as it is usually interpreted; 
and Wightman criticises ordinary mechanistic theories in 
biology as uncompromisingly as he does vitalism {op cit., 
PP 345 — “silly theories ”, 346, 347). He rightly rejects the 
“facts” and “reasons” which Haeckel and Nagali thought 
so convincing in the late nineteenth centuiy; for at its close 
“the problem appeared to be insoluble” {op cit., p 355). 
But, though admitting that dogmatic asscition is out of 
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place at present, he turns hopefully — as do many other 
materialists of the present day — to the filterable viruses as 
substances which arc hard to define as living or non-living 
and therefore may pro\ddc the “missing link” {op. cit , 
pp. 355-7, with reference to H H Dale, The Biological 
Nature of the Viruses, Nature, loth Oct 1931). He points out 
that their discovery is due to the diseases they cause, and 
thinks it is “no wild speculation to suppose that . . there 
are many other such bodies whose function is the creation 
and sustaining of life, but which . must at present blush 
unseen.” If so, the gap between hving and non-living matter 
is bridged. 

This IS certainly plausible, but he has just pointed out 
that the evidence for biogenesis is not merely negative, 
“since nutrient media, which have remained sterile for 
years . have, on the entry of a few suitable organisms, 
within a few days teemed with the latter’s progeny” (op. 
cit , p 355) . And, we must remember on the authority of an 
expert on this subject, “so far, a virus has always required 
the presence of living cells to propagate itself” (Filterable 
Viruses, Rivers, p 97) 

Such knowledge as exists at present about filterable 
viruses is largely scattered among medical and scientific 
journals But the Royal Jubilee number of Nature, 4th May 
1935, contains valuable summaries of the last twenty-five 
years’ progress in this and other branches of science, written 
without philosophical bias Dr. J. A. Arkwright, F.R S., 
does not confine his survey of viruses to their causation of 
disease, despite the title of his article According to him, most 
pathologists believe that they are similar to“ excessively small ” 
bacteria, but this idea is partly based on analogy only, “since 
viruses cannot be subjected to the same tests as bacteria.” 
Bacteria can usually be propagated “on sterilised artificial 
culture media ”, but a virus requires hving cells, “m most 
cases ” within an actual host This fact has suggested that a 
virus is not necessarily living but is a mere stimulus to the 
host cells, as m sarcoma of fowls, and even that a virus is a 
product of Its host. The latter view, however, is opposed by 
the propagation of “diverse viruses m the same kind of 
animal ” and by the same virus mfectmg widely different 
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species {op. at , p. 719). But “the chief reason for doubting 
the living nature of some phages and viruses is the very small 
size of their filterable particles ” Doerr grants that some 
viruses have been shown to be hvmg, but denies the possi- 
bility of life in the smallest ones Boycott has suggested that 
the accepted definitions of life may not be universally 
applicable, or that “some intermediate state betsseen what 
is called living and dead matter” may exist {op at , p 720). 
But Arkwright points out that the metabolism of an organism 
necessarily parasitic “inside the cell of its host” is probably 
much simpler than that of an independent organism 
Finally, “inclusion bodies” and some of the symptoms due 
to a virus can “in special cases be imitated by the addition 
of certain inorganic salts to the soil, but the disease is not then 
transmissible”; while “in many ways the nruscs of plants 
resemble those of animals” {op at , p 721) 

Much remains to be learnt about viruses and their allies, 
and the possibility of a new seim-living category of entities, as 
adumbrated by Professor Boycott, still exists If this be so, 
Wightman’s monistic speculation concerning unity between 
organic and inorganic must be admitted, at least to a certain 
extent But it has not been cstabhshed And ci'cn if it were, 
what would it prove about biogenesis^ The old riddle about 
the hen and the egg may be unanswerable , but a pathogenic, 
parasitic thing — whatever its precise nature imght be — ^is 
certainly the successor, not the predecessor, in time of the 
higher orgamsms upon the tissues of which it depends for its 
existence 

This, I found after writing it, agrees with the opinion of 
Sir F Gowland Hopkins in 1933 : “ If they (filterable viruses) 
are nevertheless living, this would suggest that they have no 
independent power of obtaining energy and so cannot repre- 
sent for us the earliest forms in which life appeared” 
{Advancement of Science, 1933, p 3). 

So far then as the methods of science can be applied, the 
position of biogenesis as a proved fact stands as it has stood 
ever since vague beliefs in its opposite were confronted by 
exact experiment and prolonged observation 

As regards the future, the matenahst J. Loeb {cf. 11 (A), iv) 
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has also emphasised the theoretical importance of abio- 
genesis He admits that nobody has yet observed it, but 
considers it not impossible, and states that “experimental 
abiogenesis is the goal of biology ” He is, however, careful 
to avoid premature blunders such as that of T. H Huxley 
with the so-called “Bathybius”, and points out that it is 
insufficient to produce proteins synthetically or colloidal 
substances that show mere external resemblance to living 
cells, but that the artificial product must be “capable of 
development, growth, and reproduction” [Dynamics of 
Living Matter, p 223). 

But Berg, though opposing vitalism as he understands it 
[cf Ill(i), 3, 111), powerfully criticises Loeb’s conception of 
living beings as chemical machmes as metaphorical only; 
“No machine properly so-called possesses any of the char- 
acters mentioned by Loeb.” Regaidmg Loeb’s hope that 
future science will be able to construct a “hvmg machine” 
he admits that opinions may differ, “but in any case we are 
entitled to base such an assumption on the one premise that 
the ‘living machine’ will be constructed by another ‘living 
machine le man . . a strictly mechamstic conception of 

life can be held only on the assumption that the ‘living 
machine’ be constructed by the unaided forces of inorgamc 
nature alone But such an assumption is no more justifiable 
than the expectation of finding in the state of nature a 
watch, or a steam engine, or a volume of fVar and Peace, 
composed by the blind agency of atoms without any inter- 
vention on the part of the human mind. So far, at least, 
the principle of omne vivum ex vivo alone holds the ground” 
[Nomogenesis, p 2) . 

The biogenesis controversy was dealt with by the President 
of the Zoological Section of the British Association m 1933. 
The conclusions of Dr. J. Gray, F.R S., are practically 
identical with my own, though his treatment is somewhat 
different. It runs as follows 

Schafer’s behef, hke Haeckel’s, that living matter “owes 
its origin to causes similar in character to those which have 
been instiumcntal in producing all other forms of matter 
in the Universe” (British Association, 1911), was supported 
by Ray Lankester and others at the time, and, more recently, 
H 
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though more cautiously, by T H. Morgan and, Dr Gray 
thinks, by “not a few modem zoologists.” There is con- 
siderable truth in the view that “the most far-reaching 
mechanistic views have been and are bring put forward by 
biologists, the more cautious . or . vitalistic views are 
held by physicists and chemists” {cf Sir W Tilden, quoted 
later in this chapter) . But Gray quotes J. S Haldane and 
A V. Hill as physiologists who regard “the purely physical 
outlook with distrust”; and Dr Gray and his successor in 
1934 are examples of modem biologists who legard this view 
with more than distrust [Adv. of Sci , 1933, p. 83; ^ HI(6), 3, 
and III (if) below). 

Dr. Gray then analyses the abiogenetic position from the 
probability point of view. Though it seems plausible at 
first sight from the evolutionary standpoint, and though 
“as a physical phenomenon it is undoubtedly possible ”, abio- 
genesis “is so improbable that ... in any other sphere of 
human thought it would be discarded as a figment of a 
deranged brain. Why should biology accept a standard of 
probabilities incomparably less satisfying than that of other 
branches of knowledge?” As regards statements that “in 
past ages, events which are now veiy improbable were in 
fact of quite frequent occurrence”, he replies that, “as 
scientists we cannot accept this . without some assurance 
as to . . . the nature of the conditions which made the origin 
of life inevitable or even probable ... is it not strange that 
every attempt to reproduce them in the laboratory has 
completely failed?” {op. at, pp 84-5). 

Putting the facts in another way, we see that in the 
physical world systems appear to move towards the state of 
greatest probability, and the structure of a dynamic system 
to disintegrate rather than to grow more elaborate. “Is 
there any evidence which suggests that, within the physical 
world, a dynamic machine htis spontaneously come into 
existence? . . . has it . . . ever occurred under the observa- 
tion of mankind? Unless a positive answer can be given to 
this question the belief in the spontaneous generation of 
living matter seems to be a negation of the principles which 
underlie scientific thought” {op. at , pp. 85-6). 

We may well conclude with his quotation from Niel 
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Bohr: “The existence of life must be considered as an 
elementary fact that cannot be explained, but must be taken 
as a starting-point in biology” {op cit , p 92). 

The views of a great chemist on the differences between a 
minute organism and a non-living speck of colloidal matter 
were ably described in 1916 by Sir W. Tilden, F.R.S., whose 
argument may be summarised as follows: 

(a) We know nothing about the fate of a very large 
molecule, supposing such a unit could be formed apart from 
living matter; but to suppose that such molecules would 
manifest signs of life is purely speculative 

(A) Chemical syntheses normally involve the use of con- 
centrated reagents and high temperatures in processes quite 
unlike those “which must be assumed to go on in living 
tissue.” This remains tiue on the whole, despite the interest- 
ing recent syntheses of comparatively simple compounds 
under fairly natural conditions outlined above. 

[c] And if the development of formaldehyde from water 
and carbon dioxide by sunlight and other similar syntheses 
did lead to the formation of living matter, why is this pro- 
cess never found in nature despite all the experiments 
devised to prove abiogenesis? 

{d) Again, even supposing that a complex colloidal protein 
was elaborated abiogenetically, no chemist would believe 
that It would cease to exhibit the ordinary chemical char- 
acters of such substances and acquire instead the power of 
utilising energy from external sources and, in short, of 
behaving like an organism 

(e) Apparent resemblances between cell membranes and 
the films and cavities formed under certain conditions by 
inorganic colloids are no more homologous than those 
between fossil plant remains on the one hand and dendritic 
markings or frost foliations on the other. 

(/) Protoplasm is more than a solution of colloids and 
ssdine electrolytes It possesses viscosity and cohesion. A 
drop of colloid solution gradually diffuses away in water; an 
amoeba does not 

(g) The thickening of the film on a colloid like glue has 
no limits. But the formation of a new cell membrane in a 
lowly organism is regulated; it proceeds to the amount 



VITALISM 


104 

required and then stops, for the organism, however lowly, is 
autonomous. Cellulose molecules, for instance, are added to a 
plant cell wall till the required thickness and area are reached; 
then the process, which originates from a substance which is 
not cellulose and does not normally contain it in itself, 
ceases, to be renewed again perhaps when a new cell division 
occurs 

(A) Chemistry and physics cannot explain the differenti- 
ation of new substances in organic cells nor the direction or 
autonomy which controls their production and is certain 
evidence of a vital principle — or whatever name is given to it. 

(i) Heredity also is inexphcable. 

(j) So, too, reproduction in animals No physical or 
chemical “laws” explain the reproduction, in an adult 
derived from microscopic sexual cells, of mental as well as 
physical attributes of parents and ancestors 

This master of chemistry wisely concludes that “those 
who accept the purely matenahstic doctrine as to the origin 
of life have before them the necessity of establishing a 
vast number of facts before such doctrine can be made 
generally acceptable to the scientific world ... it is urgently 
desirable that . . . the biochermcal and physiological student 
will not allow his enthusiasm to colour his hypotheses 
independently of the light which can be cast upon them” 
{Chemical Discovery and Invention in the Twentieth Century, 
pp 462-8) 

And J. B. Cohen, F.R S , holds the same views: “Between 
the synthesis of the most complex organic substances and 
that of the simplest living cell there exists, and probably 
always will exist, an impassable gulf” {Theoretical Organic 
Chemistry, p. 5). Fabre puts the same idea in vivid language 
{vide II (i), 1). 

So there seems no reason to deny the explicit teaching of 
Darwin and Wallace that the appearance of life must be due 
to a definite creative act by the Supreme Being {cf. 11 (d), li), 
which agrees with Bohr’s “elementary fact ”, unless scientists 
prefer the agnostic attitude of Driesch and Hopkins The 
former seems to me the more logical, even if it goes outside 
the formal boundaries of “science.” But even m the latter 
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case the fact of biogenesis is admitted, obviously fraught with 
vitalistie meaning. 

Of the many vitalistie theories we have to consider none 
has been more thoroughly tested than that of biogenesis, and 
none stands more firmly proven at the present time. 



II(</).-VITALISTIC BELIEFS AFTER 1859, 
HELD DESPITE THE PREVAILING 
MATERIALISTIC TREND IN BIOLOGY 

“ I have long recognised how much clearer and deeper your insight 
into matters is than my own ’* 

C. Darwin to A R Wallace (Marchant’s 
Life of Wallace, i, 183) 

(i) J H Fabre {French: iSss-igis) and instincts 
AlthoiIgh the mechanistic opmions described in Part 11 ( 4 ) 
continued to be widely held among biologists from the 
publication of the Origin of Species until well into the twentieth 
century, there were not a few profound students of living 
nature who maintained an independent outlook and ex- 
pressed \iews of a strong vitahstic type. Two of the most 
important of them are J. H. Fabre and A. R. Wallace, 
though Fabre’s work remamed neglected foi the greater 
part of his long life 

Both were bom in the year 1823 and lived for over ninety 
years; but their mam work was done before 1895 Both 
were largely self-educated and so unusually independent in 
thought. But while Wallace was a great traveller and dis- 
coverer and wrote on a vast number of subjects connected 
with biology, Fabre spent his whole life in southern France 
and Corsica and, though a keen student of local botany 
and geology, is known only for his remarkable studies on 
local insect life; and his opinions on vitahsm, instinct, and 
other general questions have to be culled from the pages of 
his voluminous Souvenirs Entomologiques. 

Fabre, however, preferred to call himself a naturalist 
rather than an entomologist (Legros, Life of Fabre, p. 135); 
and an excellent naturalist he was, combining experiment 
with observation, intuition with inductions drawn from 
nature. His work suffered from lack of knowledge of that 
of contemporary investigators; but it was correspondingly 
original and sincere. “Fabre will suppose nothing; he will 
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only recognise the facts . . and for the rest . . . reply 
simply that ‘we do not know’” (Legros, p. 190). 

A few typical quotations must suffice to illustrate Fabre’s 
views, based on no a priori conceptions, but on unremitting 
study of orgamsms, extending sometimes to twenty-five years 
for a single life-history Most of these are taken from The 
Life of the Grasshopper (trans. A T. de Mattos, 1917) ; but the 
following extract from Legros (p. 208) illustrates Fabre’s 
opposition to evolution and his belief in innate faculties : 

“Species are therefore bom as a whole, each at the same 
time, at the same moment, bringing into being its new 
organism with its individual peculiarities, its indelible and 
innate faculties and tendencies, like so many medals, each 
struck with a different die, which the gnawing tooth of time 
attacks only sooner or later to annihilate it.” 

Referring to the singing insects which belong to older 
orders than the beetle, bee, butterfly and others, he says: 
“This shows, from the mere point of view of sound, the 
futility of those theories which try to explain the world by 
the automatic evolution of progress nascent in the primitive 
cell. All is yet dumbj and already the insect is stridulating 
as correctly as it does to-day Phonetics start with an 
apparatus which the ages will hand down to one another 
without changing any essential part of it. Then ... we find 
something worse than marking lime, we find an enormous 
retrogression, until one last bound brings us to man’s own 
larynx” {The Grasshopper, p 257). 

The last sentence illustrates one of Fabre’s faults, a ten- 
dency to exaggeration when he turns to generalities from his 
usual work of observing and recording details of insect 
life; the omission of reference to the songs and cries of birds, 
even to the croaking and whistling of Batrachia, is un- 
pardonable. Yet it is strange that the higher orders of insects 
do not possess the sound-making powers of their more 
primitive allies. 

“Gan it be that the theory of progressive acquirements 
is only a specious lure? Are we to abandon the savage 
theory of the crushing of the weak by the strong, of the 
less well-endowed by their more highly-gifted rivals? Is 
it permissible to doubt, when the evolutionists talk to 
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US of the survival of the fittest? Yes, indeed it is!” {ibid., 
PP. 272-3). 

The Pedestrian Locust “possesses the germs of wing and 
wing-case . . and it does not think of using these germs by 

developing them. . . . The larva is bom with the hope of 
flying at maturity. As a pledge of that fair future, it carries 
on Its back four sheaths in which the precious germs he 
slumbering. Everything is arranged according to the rules 
of normal evolution Thereupon, suddenly, the organism 
does not fulfil its promise, . . it leaves the adult insect 

without sails . . . with only useless rags 

“Are we to lay this nudity to the charge of the harsh 
conditions of Alpine life^ Not at all, for the other hoppers, 
hving on the same grassy slopes, manage very well to 
achieve the wings foretold by the laiva’s rudiments 

“ . . Now tell me, if you please, what reasons persuaded 
the Pedestrian Locust not to go beyond his rude outline of 
a flying-apparatus. He also, surely, must have felt the prick 
of necessity for ages . . and all the endeavours of his 
organism, striving to achieve a better lot, have not yet 
succeeded in spreading bladewise his incipient wings 

“If we accept your theories, under the same conditions of 
urgent necessity, diet, climate and habits, some are successful 
and manage to fly, others fail and remain clumsy pedes- 
trians. ... I abandon the explanations offered ... In the 
presence of the unfathomable problem of origins, the best 
thing is to bow in all humility and pass on” {ibid , pp. 374-7). 

“The stones of our buildings are arranged in accordance 
with the architect’s considered plan . . . Similarly, a 
Locust’s wing . . . speaks to us of another Architect, the 
Author of the plans which life must follow in its labours. 

“ . . . We cannot sec a blade of grass grow; but we can 
easily witness the growth of a Locust’s wmgs and wing-cases. 

“We stand astomshed at this sublime phantasmagoria of a 
grain of hemp-seed which in a few hours becomes a superb 
piece of linen. What a proud artist is life, driving its shuttle 
to weave the wings of a Locust, one of those insignificant 
insects of which Phny, long ago, said: 'In his tam parvis, fere 
nullis, quae vis, quae sapientia, quam inextncabilis perfectis! ’ ” {ibid., 
pp. 420-23). 
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From contemplation of one of the organic phenomena 
not paralleled in non-living matter Fabre turns to the 
attempts made to synthesise living matter 

“Very well, be it so; you have thoroughly prepared your 
protoplasm . . your wishes have been fulfilled, you have 

extraeted from your apparatus an albuminous glair, which 
goes bad easily and stinks like the very devil in a few days’ 
time; in short, filth What do you propose to do with your 
product^ 

“Will you organise it? Will you give it the structure of a 
living edifice? Will you take a hypodermic syringe and 
inject it between two impalpable films to obtain were it 
only the wing of a gnat^ 

“For that is more or less what the Locust does He 
injects his protoplasm between the two scales of the pinion; 
and the material becomes a wing-case, because it finds as a 
guide the ideal archetype of w'hich I spoke just now. It is 
controlled ... by a plan which existed before the injection, 
before the material itself. 

“Have you this archetype, this co-ordmator of forms, 
this primordial regulator, at the end of your syringe? No? 
Then throw away your product! No life will ever spring 
from that chemical ordure” {ibid , pp. 420-23) 

“Organised matter . . escapes the formulae of the 

laboratory. Its chemist is life” {ibid, pp. 568-9, italics 
mine — L. R. W.). 

Fabre knew better than anyone else the intensity of the 
struggle for existence in the insect world, the coundess 
births and deaths, and the savagery of the nuptials of the 
Mantes, scorpions, and other arthropod types But he knew 
that there was too, sometimes at least, a dissipation of 
energy unconnected with feeding or breeding; that insects 
danced and sang for pure joie de more, without a mechanical 
compulsion. 

“What purpose is served by the Grasshopper’s sound- 
apparatus? I will not go so far as to refuse it a part in the 
pairing. . . . But this is not its principal function. Before 
anything else, the insect uses it to express its joy in living, 
to sing the delights of existence with a belly well filled and 
a back warmed by the sun, as witness the big Decticus and 
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the male Grasshopper, who, after the wedding, exhausted 
for good and all and taking no further interest in pairing, 
continue to stridulatc merrily as long as their strength holds 
out . Even so most often docs the singing insect stridu- 
late; it is celebrating life” {ibid , p 270) So too the Italian 
Locust , p 371) 

Fabre’s vitahstic ideas, based on the longest life of 
assiduous study ever given to the insect world, are, however, 
best illustrated by his views on instincts These, which 
insects display so lavishly, are for him not the product of 
ages of selection by an automatic process but something 
sui genens, something essential to living creatures, “im- 
planted” m them from that beginning about which he 
disclaims knowledge, strangely variable even in closely 
allied forms, inexplicable as life itself and invitmg the most 
careful observation and description In many cases, that of 
the Sitans larva for example (Legros, p. 182; SE, 2nd 
series, Ch. XV), education is out of the question; the tiny 
grub performs wonderful actions and undergoes marvellous 
transformations after the parents have left it as an egg. 
‘“At the right moment’ they invincibly obey some sort of 
mysterious and inflexible prescription Without apprentice- 
ship, they perform the very actions required, and blindly 
accomplish their destiny” (Legros, p 170) 

“ . . . Other Cicadellae abound, no less exposed to 
danger from the Warbler seeking a succulent morsel for his 
little ones . . . only they do not know how to turn the end of 
their intestine into a bellows Why not^ Because instincts 
are not to be acquired They are primordial aptitudes, 
bestowed here and denied there; time cannot awaken them 
by a slow incubation, nor are they decreed by any simi- 
larity of organisation” {Life of the Grasshopper, pp. 445-6) 

Rightly does one of his biographers refer to “the scrupu- 
lous analysis whose lessons, scattered through four thousand 
pages, teach us more concerning instinct . . than all the 
most learned treatises and speculations of the philosophers”; 
though “Fabre has not attempted to define instinct, for it 
is indefinable” (Legros, p. 169) Darwin thought so too 
{Origin, Gh. VII, para. 2). 

Fabre did not propound any really new argument for 
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vitalism. Though he accepted the idea of a succession of 
species as revealed by palaeontology and engaged in friendly 
correspondence with Darwin till the death of the latter, he 
disagreed with the evolution theory. His views are similar 
to those of Cuvier and other naturalists of the early nine- 
teenth century concerning the individuality of species and 
the essential distinction of organisms from non-living 
matter, and they are open to criticism in details, as may be 
seen by contrasting them with the modem vitalism of 
Driesch, Durken, and E S. Russell. But he held these 
views despite a strongly mechamstic current of thought, 
supported by new facts and theories in many branches of 
science, and he fortified them enormously by an unrivalled 
knowledge of the actual life of the biggest group in the 
animal kingdom. His place in the history of vitalistic 
thought is a notable one. 

(ii) A. R. Wallace {English: i82j-igi3) and vitalistic attnbutes 
of living matter^ Man, etc. 

After discussing the vitalism of Kemer, the materialism of 
Haeckel, and allied matters, Wallace wrote, “Neither 
‘life’ nor ‘vital force’ nor the unconscious ‘cell-soul’ are 
adequate explanations ” ( World of Life, p. 337) . It may seem 
therefore that he should not be reckoned as an exponent of 
vitalism. 

But in this as in many other typical passages {Darwinism, 
pp. 473-8; World of Life, Gh. XX; etc ) he was advocating 
his well-known belief in the necessity for the postulate of a 
Creative Mind, aided, in Wallace’s opinion, by subsidiary 
discamate intelligences, as an adequate cause for the whole 
evolutionary process, and especially for the production of 
the spiritual, aesthetic, and •intellectual powers of Man. 
With the ultimate necessity for postulating a Creative Mind 
I entirely agree; but it is our business here to consider what 
place was given by the independent propounder of evolution 
through natural selection to vitalistic ideas as proximate 
explanations for the activities of organism, especially of 
animals and of Man. 

In the passage just quoted he specifically includes “vital” 
along with mechanical and chemical powers as constituting 
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that “great variety of forces” for the co-ordination and 
direction of which a Final Cause is necessary; and he quotes 
with approval those vitahstic opinions of Kemer, \Veissinan, 
and Armstrong to which reference is made below (sec. iv). 
The World of Life, though Wallace was eighty-seven when it 
was first published, represents in most matters his opinions 
from the year 1864, when in the Anthropological Review he 
expressed dissent from some of the mcws expounded by 
Darwun in the Origin of Species and the Descent of Man It 
must be realised that till he was forty, Wallace was as ready 
to accept mechanistic views as any of his contemporaries 
{My Life, 11, 381-99, Marchant’s Life of Wallace, i, 243-4; 
World of Life, p. 332) ; but a few years after his independent 
conception of organic evolution was published with Dar- 
win’s abstract in 1858 he began to change his ideas, primarily 
because he found that purely mechanical or “natural” 
forces seemed inadequate to account for the higher mental 
and spiritual powers of Man, and so came to adopt an 
attitude which was vitahstic as well as teleological. 

A brief comparison of his ideas with those of Darwin goes 
far to elucidate Wallace’s position They agreed, as in- 
dependent thinkers, that species were etolvcd from preceding 
species; and that the principal process by which this was 
effected was the natural selection of the forms best adapted 
to the “struggle for life” {cf Darwinism, Chs. II and VI; 
Origin, Ch. III). Both stressed the importance of utility 
{Origin, p 181, World’s Classics Edition, Darwinism, p. 137), 
though Wallace modified his belief in this later {e g. World 
of Life, p. 320). Both used the familiar arguments from 
geological and geographical distribution for the evolution 
of organic forms {Origin, Chs 9, 10, ii, 12; Distribution of 
Animals; Island Life), Wallace, with the greater knowledge 
which arose after Darwin’s death in 1882, with greater 
power {e.g. Darwinism, Ch. XIII). They agreed about the 
great antiquity of Man — ^in 1859 an unfamihar doctrine, and 
about his evolution through natural selection as far as his 
physical quahties were concerned {eg Descent of Man; 
Natural Selection, Ch. VIII; Tropical Nature, Chs. VII and 
VIII; Darwinism, pp. 445-52, 461). Both beheved in sexual 
selection by males {Origin, pp. 80-81; Dammism, pp. 282-3). 
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And the explanation of the evolution of instincts given in 
the Ongm (Ch 7) was accepted liy Wallace in his most 
imti-Darwmian essay on Man {Dmu)inism, Ch XV) 

Of particular interest here is their unity on the funda- 
mental problem of the oiigin of li\ing matter Darwin 
never altered the famous passages in the Origin about the 
“few forms” or “one primoidial form, into which life was 
breathed by the Creator” {op at , pp 441, 436) Wallace 
ascribed this creative afflatus in 1889 to “the world of 
spirit” {Darwinism, pp 475-6), and more definitely to the 
Creator in his later books {eg ]VoiId of Life, pp 392-5). 
By belief in the special creation of life both admit vitalism 
to a certain degree, as is shown m life), u and 111 above 

Connected teleologically w'lth this is their common belief, 
held against Huxley and many less-informcd writers, that 
animals normally enjoy health and happiness according to 
their capacities, and do not suffer unnecessary pain {Origin, 
pp 72, 441; Darwinism, pp. 39-40; World of Life, Ch XIX). 

There were only four subjects on which they differed, 
Wallace stated in 1905 {My Life, 11, 16-22) . 

(1) The Origin of Man as an Intellectual and Moral 

Being 

(2) Sexual Selection through Female Choice. 

(3) The Distribution of Arctic Plants 

(4) Pangencsis, and the Heredity of Acquired Characters. 

No. (3) need not detain us here, though it is worth noting 

that Wallace was in the right according to Hooker and 
other good judges As regards (4), Wallace’s abandonment 
of pangencsis, which he first hailed with delight {My Life, 
i, p 422), IS approved by all biologists. 

The first two differences are important In each case 
Wallace adopted a vitalistic view as opposed to Darwin’s 
teaching which explmned the origin of Man’s highest 
faculties and of the song, colours, and decorations of male 
birds and similar animals as due to the action of natural 
and sexual selection on small, unexplained variations. 

Wallace abandoned Darwm’s ideas of female selection in 
favour of the theory that dominant species possess excess 
energy which, unless definitely checked by natural selection, 
manifests itself in brilhant colour, ornament, power of song. 
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and so forth. The individuals possessing this to the greatest 
extent would be those possessing the greatest vitality; in 
virtue of this they would attract or gain the most desirable 
mates and produce the most vigorous offspring; hence their 
characteristics would be perpetuated {World of Life, pp. 
261-2 , 271-5) . This idea of excessive vitality is itself vitalistic, 
like the ilan vital of Bergson, m addition to Wallace’s belief 
that the appreciation of such colour and beauty is due to a 
divine purpose for mankind. His ideas have lately been 
independently developed by Dr R Broom, F R S {Coming 
of Alan, p 224; vide III (A), 3, iu) 

But Wallace appears most strongly as a vitalist in his 
views on the origin of the higher faculties of Man,, which 
are expounded in the last chapter of Darwinism Here, after 
discussing the difficulty — ^in his opinion, the impossibility — of 
explaining the origin of mathematical, musical, artistic, and 
other higher powers in terms of purely natural processes, 
he propounds “at least three stages in the development of 
the organic world when some new cause or powei must 
necessaiily have come into action ’’ The first is the change 
from inorganic to organic ; “ vilahly ” appears as a new power, 
inexplicable in terms of chemistry and physics The second 
is the “introduction of sensation or consciousness, con- 
stituting the fundamental distinction between the animal 
and vegetable kingdoms.” The third is the appearance in 
Man of his higher intellectual and moral faculties {op. cit , 
pp 474-8) These strong beliefs in special properties of 
living beings are the more noteworthy because, unlike 
Fabre and Driesch, Wallace was a whole-hearted believer in 
evolution mainly through natural selection, even admitting 
that the critics who declared him to be “more Dar- 
winian than Darwin himself” were “not far wrong” {My 
Life, 11, 22). 

As up to the end of his ninety years of life Wallace re- 
tained the full use of his faculties, wrote vigorously, and 
read widely, it seems curious that no reference can be found 
in his books to the work of Driesch, especially as both 
combine interest in psychic research with the study of 
biology; The Science and Philosophy of the Oigamsm appeared 
in 1908, two years before The World of Life was fiist pubhshed. 
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Yet Wallace’s ideas undoubtedly lead up to the more 
precise and limited propositions ot the talented German. 

Both accept evolution, though they differ sharply con- 
cerning “Darwinism” Both bcheve in innate powers of 
organisms, and appreciate the wonders of development, 
Driesch concerning general morphogenesis, Wallace con- 
cerning the growth of feathers and the metamorphosis of 
butterflies {World of Life, Gh XIV), as inexplicable by 
purely mechanical conceptions Both believe in special 
human powers Wallace’s bold statements on this subject 
were criticised by Darwin in the Descent of Man and rej’ected 
by the maj'ority of biologists, but the work of Driesch, 
Bergson, and McDougall, together with the possibilities 
opened out by modern ideas about mutations, has gone far 
to vindicate his view {cf III(<f), 2, iv) The definiteness of 
Wallace as compared with the agnosticism of Driesch con- 
cerning a unique origin of life has been shown in Part 11 (f) 
to be a more likely hypothesis Wallace found many argu- 
ments for vitalism; Diiesch confines himself to particular 
lines of evidence. 

Wallace asked, concerning the nucleus. “What power 
gave it life? What power organised it'* . . . What power 
determines the cell-mass to take this or other well-defined 
shapes? . . . Who or what guides or determines” the new 
combinations chemically, and new stiuctures mechanically, i.e. 
as the embryo develops and new tissues and organs are 
formed? . . . “This orderly process is quite unintelligible 
without some directive organising power constantly at work 
in or upon every chemical atom or physical molecule of 
the whole structure” {Woild of Life, p. 347) These are 
questions to which Driesch replied with his entelechy 
concept. 

Wallace was not a classical scholar, and I cannot find 
that his biology was influenced by the older authors. It is 
therefore striking that his vitalistic theory follows that of 
Aristotle (I(fl), 1) so closely in its broad lines, allowance 
being made for the fact that the biogenesis of Wallace 
marks a definite advance over Aristode’s curious mixture of 
abiogenesis and a vegetative soul in all organisms. 

Wallace was one of the chief promulgators of the still 



Il6 VITALISM 

valid arguments for vitalism summarised in Ill(i), 2, iii 
and iv, as Biogenesis (No 2), Animal Autonomy (No 7), 
and Autonomy of Mind (No. 11I; and with his idea of 
surplus vitality originated a strong indicium (No. 9) To 
this list many would add Psychic Research (No. 14) In 
all these he anticipated McDougall and other moderns. 
He worked in a mechanistic period and is, in my opinion, 
easily the greatest “all-round” vitalist since Aristotle. 

Appreciations of his great mental powers are quoted 
in Marchant’s biography from Darwin (1, 136, 183, 264, 
and 11, i) and Lyell (1, 19-23, 260) 

(ill) Charles Darwin {English: iSog-iSSs) and his "tendencies ” 

It is beyond dispute that Darwin’s writings had an 
enormously strong mechamstic influence {cf 11(6), iv), 
though he himself was neutral in the vitalism-mechanism 
controversies So his inclusion among the vitalists is not 
warranted; yet he cannot be omitted from a summary of 
“Vitalistic Beliefs after 1859.” His idea of the special 
creation of life was vitalistic {cf. 11(c), and section 11 above) 
And other vitalistic “tendencies” which are patent in the 
Origin demand notice here, for this aspect of the thought 
of one of the greatest masters of biology is far from familiar 
even at the present day 

In his opimon the “laws of variation” were quite un- 
known or but dimly seen, and “the laws govemmg inheri- 
tance . . quite unknown” {Origin, pp. ii, 12) And, 
though to-day we know something about the laws of in- 
heritance, thanks to Mendel and his twentieth-century 
successors, he would be a rash man who claimed any sub- 
stantial advance over Darwin’s ignorance of the causes of 
variability {cf Origin, pp. 39, 41-2, 78-9) He wrote of 
“tendencies” to correlation of growth, the laws of which 
were unknown {ibid., pp. 78-9, 132), though such tendencies 
were liable, in his opinion, to control by natural selection 
{ibid, p. 130); of the tendency to reversion as well as to 
variability {ibid , pp. 135, 143, 145) ; of the “innate tendency” 
of cubs to seek different lands of prey as illustrating the 
individual preferences found in a single animal species, 
with which may be considered his “prmciple of divergence 
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of character” [ibid., pp. 82-3, 101-2). Finally, he disrlaims 
any attempt to consider the origin of “ the primary mental 
powers” when discussing the thorny subject of instinct 
(iW,p. 186). 

Driesch’s idea that “he might possibly be called even a 
vitahst” {Science and Philosophy of the Organism, p. 173) may 
seem far-fetched when some of Darwin’s later work is 
considered; but it is not an absurd deduction to draw from 
the Origin which Darwin had five opportunities of revising. 
Wallace, who knew him very well, has pointed out that 
Darwin “always adduced the ‘laws of Growth with Repro- 
duction’ and of ‘Inheiitance with Variability’ as being 
fundamental facts of nature . . . then as now . . . wholly 
beyond explanation or even comprehension” {World of 
Lif, P- 333 )- 

(iv) Other biologists of the period. 

Certain German botanists, such as Unger in 1852, Hof- 
meister, and in 1859, though independently of Darwin and 
Wallace, G Nagali, arrived at the notion that new species 
must have arisen from older ones, though they had no 
such world-convincing explanation to propound as the 
two Englishmen Nagali is of special interest here. Later, 
in 1884, his Mechanical-physiological Theory of Evolution glad- 
dened the heart of Haeckel by its easy assumption of abio- 
genesis in the dim past as a sure link in a mechanical theory 
of life {cf 11 (c), iii). Nevertheless, he adhered even in this 
work to his earher beliefs against natural selection and in 
favour of an “inner ‘defimtely directed variation’ ” as 
the cause of the differentiation of species This, Haeckel 
thought, Weissmann described correctly as “at the bottom 
merely a ‘phyletic vital force’” {Wonders of Life, p. 381; 
cf Sachs, I, Ch. V). 

Somewhat similar, but based mainly on zoology, while 
those of Nagali were on botany, were the ideas of Eimer 
{Entstehung der Arten, 1888 ; trans. Cunningham, i8go). 
Eimer believed strongly in the mheritance of acquired 
characters, quoted Lamarck as an almost infallible authority, 
and opposed the theories of Darwin and Weissmann. His 
illustrations are often dubious or trivial, and his arguments 
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seem to me often as feeble as his statements about foreign 
places, for instance that Muslims display exemplary kind- 
ness towards dogs ('), are to an experienced traveller 
ridiculous {eg. op ciL, p. 243). Yet he is regarded as the 
founder of the theoiy of orthogenesis {tbtd , pp. 4, 29, etc ); 
though Profcssoi MacBride points out that Eimer considered 
the emaronment as the exciting cause of changes “con- 
ditioned by the nature of the animal” {Eugenics Review, 
Vol XIX, p 34) . 

The modem exposition of orthogenesis is discussed briefly 
in III (6), 3, 111 Elmer's views arc given here as those of 
a late nineteenth-century vitalist, for there is no reason to 
dispute Elmer’s claim that orthogenesis clashes with a rigid 
mechanistic appbcation of natural selection 

Lyell adopted Darwin’s evolutionary views soon after the 
publication of the Ongin {cf 11 ( 6 ), iv), and, like Darwin, 
expressed belief in “the Author of Nature” {Antiquity of Man, 
PP 329-30). His ideas also show great affinity with those 
of Wallace {op, cit , pp 392-3), and he expressly opposed 
materialism thus' — 

“So far from having a materialistic tendency, the sup- 
posed introduction into the earth at successive geological 
periods of life — sensation — mstinct — the intelligence of the 
higher mammalia bordering on reason — and lastly the 
improvable reason of Man himself, presents us with a 
picture of the ever-increasmg doimmon of mind over 
matter” {ibid , p. 394, written in 1863). 

Asa Gray, another of Darwm’s scientific friends, adopted a 
similar line in his Natural Selection not inconsistent with Natural 
Theology, published in 1861 (quoted by Lyell, op. at , pp. 
393 - 4 )- 

It IS difficult to summarise the philosophy of T H. Huxley 
in a few words. But, though he fought hard for Darwinism, 
he was no matenalist. He maintained Hunter’s view that 
life precedes organisation {World of Life, p. 284); and in his 
Hume showed that he realised the shallowness of materiahsm, 
for instance “If I were obliged to choose between absolute 
materiahsm and absolute idealism, 1 should feel compelled 
to accept the latter alternative” {op at , p. 279). 

Anton Kemer von Marilaun in his Natural History of 
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Plants (trans Oliver, 1894, i 52) wrote as an unabashed 
vitahst, even as an upholder of the “vital force” scorned in 
that anlj-vilahslic epoch. “More recently, .this vital 
force was derided and effaced from the list of natural agencies. 
But by what name shall we now designate that force in 
nature which is liable to perish whilst the protoplasm 
suffers no physical alteration and in the absence of any 
extrinsic cause; and which yet, so long as it is not extinct, 
causes the protoplasm to move . . . and . . . adapt its move- 
ments under external stimulation . . . m the manner which 
is most expedient? 

“Therefore I do not hesitate again to designate as ‘vital 
force’ this natural agency, not yet to be identified with 
any other, whose immediate instrument is the protoplasm, 
and whose peculiar effects we call life ”... Its recog- 
nition “is not inconsistent with the fact that living 
bodies may at the same time be subject to other natural 
forces.” 

He also wrote of “the appropriate manner in which 
various functions are distributed among the protoplasts of 
a cell-community; . . . the purposeful sequence of different 
operations in the same protoplasm without any change in 
the external stimuli; the thorough use made of external 
advantages; the resistance to injurious influences; the 
punctuality with which all the functions are performed; the 
periodicity which occurs with the greatest regularity under 
constant conditions of environment; . . . above all”, that 
these powers are lost by what we call “the death of the 
protoplasm” (quoted. World of Life, pp. 330-1, 345). 

Weiss^mann wrote: “The germ-substance owes its mar- 
vellous power of development, not only to its chemico- 
physical constitution, but to the fact that it consists of many 
and different kinds of primary constituents, that is, of 
groups of vital units equipped with the forces of life. . . . 
The germ-cell . . . must be a fabric made up of many dif- 
ferent organisms or units — a microcosm” (quoted Heredity, 
J. Arthur Thomson; World of Life, p. 342). He spoke 
also of a “complex apparatus for the division of the 
nucleus, of the puipose of that division being qualitative 
as well as quantitative, and of its evident adaptation to 



120 


VITALISM 


the building up of the future body” (quoted, World of Life, 
P 344 )- 

Finally, in 1909, after referring to the properties of carbon 
as “altogether special”, Professor H E. Armstrong, in his 
Presidential Address to the British Association, spoke of 
“the complex and extraordinary chemical transformation 
produced by living plants” and concluded, “The general 
impression produced by facts such as these is, that directive 
influences are the paramount influences at work in building 
up living tissue” (quoted. World of Life, p 390) 

(v) “ The Tradition" according to Driesch. 

A useful summary is given by Driesch in his History of 
Vitalism of some of the writers who maintained “The 
Tradition” of vitalism during the hey-day of nineteenth- 
century materialism; but it omits the numerous great 
naturalists dealt with above, whose work lay outside the 
only two fields in which Driesch finds definite support for 
vitalism, VIZ- embryology and human action. 

Quotations from von Baer (1792-1876) are used [op. ciL, 
pp 1 1 1-12) to show that in 1828 his outlook was rather that 
of the nature-philosophers than of scientific materiahsts. 
His more mature views [Reden und Abhandlungen, 2nd edition, 
1886; op. cit , pp 151-3) were definitely vitahstic, eg. “the 
w’hole life process is in no way the result of physico-chemical 
events, but rather controls them.” He regarded human 
actions as autonomous, and rejected parallelism and also 
Darwimsm, with which the mechanistic views of the period 
were closely connected [cf. Singer, History of Biology, pp. 

304^ 469) 

Wilhelm His (1831-1904), who specialised on the nervous 
system and human embryology, and Goette paved the 
way for Driesch’s methods in morphogenesis. Virchow, 
“the founder of cellular pathology”, occasionally expressed 
dissent from the mechanistic views of most laboratory 
workers, and J. von Hanstem taught that animal move- 
ments and development imphed the presence of some 
organising power, associated with various material com- 
binations or centres. Another acute critic of the natural 
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selection theory was Albert Wigand {ibid, pp. 154-6). 
Wigand, according to Driesch, attempted no proof of vitalism, 
but he argued that a “life force” was necessary to account 
for vital processes which physical forces do not explain. 
His chief criticism of Darwimsm was that the development 
and structure of such organs as the vertebrate eye could 
not arise as Darwin, though admitting the great difficulty 
presented, thought they did (cf Origin, Ch VI; and Ill(a), 
ii below); but that such structures implied teleology of at 
least the kind that Driesch terms “static” {Darwinismus, 
1874-7). scientific writer quoted by Driesch is 

Bunge, whose essay in 1890 on Mechanism and Vitalism was 
more remarkable for the general interest it roused at a time 
when the reaction agtdnst Darwinism began to dc\ clop than 
for any decisive arguments m favour of vitalism. 

Driesch rightly considers that few philosophers in the 
period between 1859 and 1895 contributed anything \alu- 
able to the vitalistic cause except E \on Hartmann (op cit., 
pp. 158-61); though his metaphysical conception of “life 
agents ” did not demonstrate the inadequacy of mechanism. 
His Mechanism and Vitalism in Modern Biology and Das Problem 
des.Lebens belong to a later period O Liebmann opposed 
the materialism of Darw’in’s followers and quoted the 
entelechy of Aristotle with appro\ al Driesch gives a special 
section to the American biologist and philosopher E. Mont- 
gomery, who pubhshed a number of articles and books 
between 1881 and 1907, opposing the machine theory. 
His influence has been but shght, but he deserves notice for 
his attempts to solve biological problems by considering 
mind and body as wholes. 

(vi) Conclusion. 

Vitalism in the early part of the century was uncritical 
or “dogmatic” {cf. 11(a)), and certain of its features soon 
perished, as they deserved to, m the rising tide of discovery 
and criticism, not a little of which was due to vitalists. 
Belief in vital force as creating energy, never so far as I 
can ascertain expounded by any prominent vitalists, was 
destroyed by Liebig and his colleagues (11 (a), iii). The 
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extravagances of the nature-philosophers were cheeked by 
Cuvier before the great nineteenth-century movements in 
biology took place. However, belief in the special creation 
of existing species, as held up to 1859, was certainly destroyed 
by belief m organic evolution, and the vital force doctrine 
of Liebig, J. Muller, and other great chemists of their day 
was rejected by many scientists The period of Wohler, 
C. Bernard, Joule, Lyell, and Darwin undoubtedly marked 
a crisis in the history of vitahstic thought. As Driesch says, 
vitalism ceased to be dogmatic; it now had to fight for its 
validity instead of being a postulate for scientists and the 
general educated public 

Yet the mam elements of the vitahstic tradition were 
maintained and even in certain cases strengthened before 
1895. Abiogenesis, never really congruent with belief in the 
special creation of organisms, but a fundamental tenet of 
most nature-philosophers (11(a), u) and of the materiahstic 
Darwimans ( 11 ( 6 ), iv), was finally proved to be wrong by 
Pasteur and Tyndall, thus the truth of biogenesis, a very 
important argument for vitalism, was established in the 
imddle of the most mechamstic period of the century (11(c)). 
The characteristic features of Aristotle’s vitalism were 
enunciated de novo by Wallace (section li above), who 
elaborated a vitahstic system capable of blending both with 
the natural selection theory and the opposite view of Driesch 
{cf. III(<i), 2, v) The epigenetic doctrine of Harvey and 
G. F. Wolff was developed by Meckel, von Baer, and suc- 
ceeding embryologists Singer and others consider, in contra- 
distinction to Driesch, that the views of Stahl and J. Muller 
are represented to-day in biological thought; and most of 
the leading chcimsts continued to be vitahsts Muller’s 
doctrine of nervous energies and the epistemology begun 
quietly by Ferrier in 1854 were to lead to one of the most 
powerful modem criticisms of mechanism [cf. Ill (6), i, iv). 
The vitalistic view of living organisms was maintained by 
Wigand and Kerner, who continued the employment of 
the term “vital force’’, and reinforced by Fabre, von Baer, 
and others Elmer’s orthogenesis was anti-mechanislic. 
Darwin, Nagah, and others were not so anti-vitalistic as 
they were painted by Haeckel and his school. The way 
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was kept open for the new vitalism to operate as soon as 
biological research flowed again uvei the “world of life” 
instead of being mainly confined to the nariow channels 
which the mechamst school takes for Newton’s ocean of 
truth. 




PART III 


RECENT DEVELOPMENTS: 1895-1938 




III(fl.)-DRIESCH (GERMAN: 1867- ) AND 

ENTELEGHY 


“ . the honest and rigorous following up of the argument which 

leads us to ‘materialism’ inevitably carries us beyond it ” 

T. H. Huxley, Hume, pp 251, 279. 


(i) Histoikal. 

A USEFUL summary of “neo-vitalism” or the revival of 
vitalism which occurred at the close of the nineteenth 
century is given by Dr Hans Dricsch m his History and Theory 
of Vitalism (pp. 170-83). Though incomplete, it includes a 
valuable account of the evolution of his own biological 
philosophy. 

He attributes this revival primarily to the “reappearance 
of experimental morphology . . . represented by W. Roux”; 
although Roux himself was not explicitly a vitalist, he 
developed the “mechames of development” in which 
Driesch found new experimental support for considering that 
the vitalistic view of life is the true one 

Tribute is paid to Mach as overthrowing the mechanistic 
metaphysic which nineteenth-century scientists accepted 
without question; though Mach’s ideas did not receive 
immediate acceptance they prepared the way for modem 
epistemology {cf. in(i), i, and Ill(r), i, below) 

In i8go and 1894 Gustav Wolff published his books which 
criticised mechanistic Darwimsm and argued, as F. Ehrhardt 
did, for teleology He tried to demonstrate “primary 
finahty ” by a single experiment; the lens of the eye of a newt 
was removed and a new lens was developed from the iris, 
whereas normally the lens arises from the skin or ectoderm. 
Driesch doubts whether this single experiment proves 
“dynamic teleology”, but he was profoundly influenced by 
G. Wolff’s demonstration of the theoretical sigmficance of 
teleology and by his general vitahstic outlook, shown inter 
aha by his acceptance of the autonomy of psychic life 
{Beitrage z. Lehre v. den Sprachstorungen, 1902). Driesch was also 

187 
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indebted to W'jgand and Paul du Bois-Rcymond, the latter 
of whom argued for the independence of the various divisions 
of science, including biology {op at , p. 1 76) . 

Driesch then gi\ es an interesting summary of his own ideas 
and biological publications up to 1905 His Biology as an 
Independent Saence, first pubhshed in 1893. vacillated, He says, 
betw een recogmtion of a creative principle and a mechanistic 
teleology, and the latter theory dominated his Analytische 
Theone der orgamschen Entwicklung in 1894 In 1896, in The 
Machine Theory of Life, he repeated the substance of these two 
books, but also outlined the conception of dynamic teleology 
which plays such an important part in his later works. His 
experimental work in embryology, combined with logical 
analysis of the concepts of regulation and action, had led him 
to behef in Vitalism; in 1899 in Die Lokalisation Morpho- 
genetischer Vorgange he expressed his beliefs clearly, showing 
that some life processes are autonomous or dynamically 
teleological This was followed in 1901 by Die orgamschen 
Regulalionen, in 1903 by Die Seek als ekmntarer Naturfaktor, 
and in 1904 by Naturbegnffe und Matururteile. The first of these 
added a new proof from the regulative working of the living 
body as a whole; the second discussed human action as an 
argument for vitalism; the third gave a methodological 
treatment of his vitahstic system. In 1907-1908 his Gifford 
Lectures gave its most complete and best known formulation. 

As regards the History and Theory of Vitalism, the English 
translation, by C K Ogden, is dated 1914, but the book was 
first published in German in 1905, and the Historieal Part 
remains much as it was first written, though the Theoretical 
Part was completely rewritten for the English edition. This 
gives Driesch’s system of \itahsm in a deductive way, 
whereas the method followed in the Gifford Lectures is 
inductive. As a short summary it may be preferred by some 
students to the longer work, especially by those whose studies 
have been logical rather than biological. At all events, it is 
helpful to have an alternative treatment for the best known 
modem presentation of the vitalistic outlook. 

The historical part has been frequently used in the com- 
pilation of this book. But for the twentieth century it is 
naturally almost silent, and it must necessarily remain in- 
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complete as the historian cannot be exjjected to analyse or 
appraise his own important contribution to vitalistic history. 
Further, its attitude in certam passages does not represent 
the author’s more mature views 

Still the book remains an indispensable work for the 
historical study of vitalism; but the following points call for 
critical comment. It has no index. Galen is not even 
mentioned nor the “spirits” doctrine which he established; 
nor are Fabre and other distinguished vitalists, who are 
discussed in my Part 11 (d). Attention is confined too 
closely to embryology as an argument for vitalism; co- 
ordinated movements of animals and other phenomena 
which suggest vitalism are barely alluded to and biogenesis 
not at all. In philosophy, apart from an unnecessarily 
lengthy account of the American Montgomery, non-German 
writers receive little more than bare mention, a notable 
illustration of this being the scanty allusion to Bergson. 
Kant, on the other hand, is given a disproportionate amount 
of space. Driesch's sweeping censures of the leaching of 
Darwin’s immediate followers do not here take sufficient 
account of Darwin’s ovra cautious attitude, and no mention 
is made of A. R. Wallace ! The bitterly sarcastic references to 
“Darwinism” are doubtless due to the excessive veneration 
given to " Darwinismus” m Germany in the later part of the 
nineteenth century by Haeckel and others. “For Driesch 
began as a disciple of Haeckel but through the influence of 
G. Wolff and W. Roux came to support a dynamic vitalism” 
(E.B., 7, 662; cf. Part III(c), 2, ii, below). 

(ii) "The Science and Philosophy of the Organism”; a critical 
examination thereof. 

This work is divided into numerous portions, the biggest 
being most unsuitably termed “Sections.” Of these there are 
two, corresponding to the two parts of the title : 

A. The Chief Results .of Analytical Biology; 

B. The Philosophy of the Organism. 

It is unfortunate that A, B, C, and D are also used for the 
subdivisions of the “Parts” of each “Section.” 

In the “Introduction” (pp. i-io) Driesch explains that 
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the subject matter of the biological poition, “Section A”, 
can be approached on a basis of naive realism. But later 
he states that a critical, even a sohpsistic, basis is also possible 
{ibid,-p 326). 

He then gives some much-needed warnings about “ Certain 
Characteristics of Biology as a Science.” It can never be 
too frequently pointed out that, whereas the investigator of 
inorganic science can repeat experiments at will, “the 
biologist IS dependent on the specificity of li\ mg objects as 
they occur in nature.” This means that biology depends 
largely upon observation of phenomena w'hich are not re- 
peatable at ivill by the scientist, and that experiments 
performable upon certain organisms or parts of organisms 
cannot be performed upon other organisms For instance, to 
quote one of Dnesch’s illustrations, it is possible to detach 
the membrane from certain young embryos; but when this 
is done with other species the embryo dies at once and cannot 
be watched or experimented upon 

He also deals firmly with the suggestion that physiology 
is more scientific, because more rational, than morphology, 
a view blatantly expressed in J Needham’s Sceptical Biologist 
{eg PP i 35 > 252; cf my III(6), 3, 11) Driesch, very 
properly, will have none of this elimination of the greater 
part of biology to suit the narrowed outlook of specialists 
in biochemistry and similar subdivisions of biology. His 
declaration that “the experiment {eg. in physiology) . . . 
possesses no kind of logical superiority over pure description 
at all” {ibid., p 3) affirms the essential autonomy of biology 
as a science which is not a miserable appendage to chemistry 
and physics. 

He then outlines the plan of the book which is to deal with 
three fundamental “characters” of living bodies — form, 
metabohsm, movement. Under the study of form (morph- 
ology) he also includes development, which he always terms 
“morphogenesis.” By linking these two together Driesch co- 
ordinates the phenomena of growth in young organisms with 
the secondary growths (restitutions) which occur in many 
adults. Finally, he draws attention to the small part played 
by evolution in his treatment of orgamsms, because, he con- 
siders, so little is really known about it {cf. 147 seq. below). 
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^Diicscli’s “Section A” forms more than two-thirds of the 
Jholc book and has most interest for biologists, for it con- 
t! *uns not only an exposition of Dncsch’s views on vitalism 
bJut an account of the experimental work upon which they 
a^lre based It is in three parts: 

I. The Individual Organism with regard to Form and 
Metabolism. 

II. Systematics and History. 

Ill Organic Movements. 

The final heading m the Table of Contents for Section A 
is misleading; its last two pages do not give the “Conclusions” 

I to be derived from a study of the whole “Section,” but only 
some considerations connected with “Organic Movements.” 
The real “Conclusions” to be drawn from Section A are 
given in “IB 3, ID,” and “HI 3d 8,” in which Driesch 
summarises his three proofs for entclechy. 

“Part lA” gives an introductory account of cytology and 
the ear,Iy development of Echinus Epigenesis is admitted as 
true; there is a “production of visible manifoldncss” in 
embryology. 

“Part IB, Experimental and Theoretical Morphogenesis”, 
is in many ways the most important part of the book. In 
its first chapter he describes Wcissmann’s theory of develop- 
ment as very similar to the “evolutio” doctrine of the 
eighteenth century, as according to each the egg contains 
the rudiments of the structure of the chick, though not of 
course m a visible form; so he calls Weissmann’s theory 
“dogmatic” {ibid , pp. 34-6). Wilhelm Roux, in Die Bedeu- 
tung der Kernteilungsfiguren (1883), advocated a theory similar 
in many ways to Wcissmann’s; but the expenmental work 
done by Roux to support it reintroduced a new era of 
“scientific experiment in morphology.” Roux’s classical 
experiment is described; he killed one of the first two blasto- 
meres in a frog’s egg and fiiund that the survivor pro- 
duced a half-embryo. This seemed to be a definite proof of 
the belief of Weissmann and of Roux that ontogeny is based 
upon a complicated though invisible structure in the egg 
{ibid., pp. 37-8). Roux’s experiment was made public m 
1888. 
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Driesch then describes the crucial experimental study , 
embryology or morphogenesis undertaken by himself an 
confirmed and extended by T H. Morgan and other bic 
legists; and apart from its resulting in Driesch’s theory c 
entelechy the process is of supreme importance in showin, 
how little value a single experiment has in biology, or 11 
allied fields of research such as, for example, education, ever 
if it is properly performed and coirectly interpreted 

Driesch selected the sea-urchin (Echinus) for practical 
reasons and was able to repeat Roux’s work on the ovum of 
the frog. He succeeded in destroying one of the first two 
blastomeres and in separating them so that development of 
only half the original egg-substance proceeded. The first 
stages re'''mbled those of Roux’s experiment and Driesch 
full y e. ■■ to get a half-embryo in the later stages too. 
Actually a whole blastula, then a whole gastrula, 

followed by a ^v.oile pluteus-larva; only they were half the 
usual size. The half material had become rearranged and 
carried out a complete development; which was exactly 
the reverse of what Roux had found in the frog! (tbtd , 
pp. 38-40). 

This showed that the first nuclear division did not separate 
either the nuclear germ-plasm or the cytoplasm of the egg 
into two fundamentally dissimilar halves and so destroyed 
the basis for the theoiies of Weissmann and W Roux. 

But Driesch was not content with a single group of experi- 
ments. He also showed that even one from the first four 
blastomeres could produce a small but perfect larva and that 
three of these four cells would produce a perfectly normal 
organism. He then discovered that even though the cleavage 
stages were seriously altered the resulting organism was 
normal. O Hertwig, E. B. Wilson, T H. Morgan and Spe- 
mann repeated his experiments successfully with other 
types of animals, Spemann making an interesting modifica- 
tion. Finally Driesch and Morgan succeeded in developing 
single giant organisms from two fused blastulas, the former 
with Echinus, the latter with the newt (ibid., pp. 42-3). 

From these experiments Driesch deduces that nuclear 
divisions — at least during the first, cleavage, stages — have 
no bearing on organogenesis; and in view of the multiphcity 
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and variety of the experifnents the correctness of his view 
must be admitted 

Yet, he urges, there must be somewhere in the egg a factor 
which controls the ‘"general orientation and symmetry” of 
the developing embryo This he concluded in 1893 (Mitteil, 
Meapel, 1893) must be due to some delicate structure in the 
protoplasm of the egg In Echinoderms it must be capable of 
quick rearrangement after disturbance and so not observ- 
able, in the frog’s egg Roux’s work indicated that it was 
permanent and so might be discoverable. To test this hypo- 
thesis Driesch and T H Morgan experimented in 1895 on 
the eggs of ctenophores {Arch Entw Mech. 2, 1895): they 
repeated experiments made earher by Chun and confirmed 
his results except in Beroe Then they cut away some proto- 
plasm of the egg before cleavage began, without damaging 
the nucleus When this cut was made at the side the resulting 
larva showed the same defects as a larva developed from one 
of the two first blastomeres {ibtd , p 44) Thus the hypothesis 
of the morphogenetic importance of the egg protoplasm was 
proved But he considers it responsible only for ” the general 
symmetry” of germs and of their isolated parts {ibtd , p. 46). 

O Schultzc then experimented on frogs’ eggs and suc- 
ceeded in getting two small whole embryos from the two-cell 
stage by slightly pressing the latter and turning it over; 
while Morgan got whole or half development from one 
blastomerc after kilhng its fellow according as it was un- 
disturbed or turned over. From these facts Driesch con- 
cludes that whole development from a single blastomerc in 
the frog’s egg depends on rearrangement of the protoplasm 
caused bv turning it over. 

Such regulation he terms facultative; in Echinus this 
regulation is obligatory. Newts, too, belong to the obligatory 
class though closely allied systematically to frogs. Egg proto- 
plasm then must have an intimate structure which may be 
described as polar-bilateral. The development is whole, 
despite “disturbances”, if the intimate structure became 
whole first; it is half or quarter if only a half or a quarter of 
this “intimate” protoplasmic structure is present in the 
separated blastomere {ibid , p. 45). 

Another problem is that connected with cell-lmeage. In 
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Nereis (slndied by E. B. Wilson) and various other animals 
the origin of certain organs is traceable to individual cleavage- 
cells On Dricsch’s hypothesis tliis must be due to peculiari- 
ties in their protoplasm, and he propounded this view in 
1894 It was confirmed in 1896 by Crampton [Arch. Entw. 
Mech. 3, 1896) by experiments on a mollusc, and then by 
Wilson. Removal of a special part of the embryo in the two- 
cell stage resulted in absence of mesenchyme in otherwise 
complete larvae ; and the protoplasm removed contained no 
nucleus. 

This terminates what Dricsch calls the first period of 
“the new science of physiology of form”, and he summarises 
his conclusions as follows. 

( 1 ) The theory of ‘ ‘ qualitatively unequal nuclear division ’ ’ 
is disproved, and Wcissmann’s theory with it 

(2) Epigenesis or “production of manifoldncss ” is 
generally true. 

(3) But in a restricted sense there is also preformation. 
This is confined to the protoplasm and is of two kinds: 
first, a polar and bilateral structure, demonstrated m many 
and to be postulated for all germs; secondly, in some or- 
ganisms a specificity of egg protoplasm, so that certain parts 
produce certain organs. 

(4) Differences of regu lability depend only on the physical 
consistency of the protoplasm. 

(5) Much remains to be discovered about specific organ- 
isation, but it is unlikely that two very different kinds of 
morphogenesis exist side by side in the same classes of 
animals {ibid , pp. 48-9) 

These results seem to oppose the generally accepted theory 
of geneticists that inheritance is equal from both parents. 
Equality between the gametes is usually confined to the 
nuclei; but specificity of the egg protoplasm indicates that 
the female parent has a greater share in ontogeny than the 
male. This, however, occurs in its very early stages only. 

Driesch then proceeds to his “Analytical Theory of 
Morphogenesis” (“Chapter 2 of IB”), in which he dis- 
tinguishes SIX different problems, indicated by Greek letters. 

“a The Distribution of Morphogenetic Potencies.” 
He distinguishes the prospective value of any element in an 
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embryo, which is what it actually develops into, from its 
prospective potency, which is what it may develop into These 
may be identical, but are not necessarily so, as the experi- 
ments mentioned show; eg. one of the four blastomcres of 
Echinus usually provides about a fourth of the larva — pro- 
spective value; but under special conditions it may produce 
a whole, though small, larva — ^prospective potency Pro- 
spective potency is the important matter for study from a 
philosophical point of view. 

An Echinus blastula, comprising about one thousand cells, 
if bisected in any plane passmg through or near its polar 
axis, may form two fully developed organisms; so that “the 
prospective value of any blastula cell is a function of its posi- 
tion in the whole ” This Driesch found to be true, too, of the 
ectoderm and endoderm cells in the Echinus gastrula; but 
while ectoderm and endoderm are each equipotential, they 
arc of different potencies compared with one another 
{tbtd , p 56) Such potencies as these, noted during embry- 
onic development, Driesch terms primary. 

But the course of development varies in different animals. 
In the early embryos of mollusca, for instance, there is no 
equal distribution of potencies, the cleavage cells forming a 
“mosaic” as regards their morphogenetic potentialities. 
Reasoning from experimental work done by Conklin and 
E. B Wilson and adopting the induction of the latter {Jour. 
Exp. ^ool , I, igo4) Driesch argues that ontogeny really 
begins before fertilisation, with maturation in fact He 
concludes that all eggs have a stage in which all parts of the 
protoplasm are equipotenticd, but that the change to a 
condition of specificity occurs at different times in different 
orgamsms; m some, such as Echinus, only when the germ 
layers arc formed ; in others, such as mollusca and nemertines, 
during maturation {ibid , p. 6o). 

So far, however, no defiiution of prospective potency has 
been reached. 

“) 3 . The ‘Means’ of Morphogenesis” (pp. 62-7). By 
this phrase Driesch understands the circumstances which 
are necessary for complete morphogenesis, and he divides 
them into internal and external 

Internal “means” or conditions include the elementary 
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functions of the organism, such as secretion, cell migration, 
division and growth, and physical states such as surface 
tension and osmotic pressure Here the conflict between 
vitalism and mechanism occurs in an acute form. Driesch 
expresses high appieciation of biochemical and biophysical 
investigation, but he claims that however thoroughly any 
of these “conditions” may be undei stood morphogenesis is 
not thereby explained, because what may seem to be due to 
mechanical pressuic may be really caused by active growth, 
and so on; and, anyhow, these processes do not constitute 
life but are merely used by it 
Finally he points out that morphogenetic regulation 
affects the form of the whole organism not the form or size 
of individual cells, the latter depending upon the mass of the 
chromatin accoiding to Boveii Thus cells appear as the 
brick-like material which the organism uses to build up its 
organs (cf Durken, III(A), 3, v) 

Little need be said about External Means* Driesch fully 
recognises that organisms depend upon suitable tempeia- 
tui es, the presence of oxygen, and so forth, foi their existence 
and development Tribute is paid to Herbst for his investiga- 
tions on the effect of calcium and other chemical components 
of sea-water upon the development of Echinus {Arch Enl^ 
Mech , 17, 1904) His discos cry that the addition of lithium 
and other substances causes abnoimahties in development is 
noted, also the strange fact that the inverted “lithium-larva” 
is produced in echimds but not in asterids [Zeitschr. wiss. 
•^oo/, 55, 1892; Mitt Neapel , II, 1893). 

“y. The Formative Causes or Stimuli” (pp 67-74) 
Driesch admits difficulties in the concept of “cause” but 
concludes that its use is nevertheless legitimate As regards 
embryology, he regards prospective potency as the immediate 
cause of every specification affecting single organogenetic 
processes; but he links with this “that occurrence on which 
depends its localisation”, adding that there is no quantitative 
correspondence between “cause” and morphogenetic effect. 

Heliotropism and geotropism are spoken of as physical 
functions of plants {ibid , p 70) The growth of galls is an 
example of the combined effect of external formative stimuli 
(insect attacks) and the potency of the plant to respond in a 
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pailicular way In Boncllm extcmal conditions affect sex 
determination {ibtd , p. 73) Among examples of “internal 
formative stimuli” quoted is the first one disco\crcd by 
Herbst, that is, the dependence of the arms of the pluteus 
larva of Echinus upon the internal skeleton 

An “enormous \ariety offoimative dependencies” in the 
embryos of Triton (newt) has been discovered by Spemann 
and his school Here no influence is exerted by the nervous 
system, as happens in some other cases, and Driesch compares 
the physiological effect of hormones with what he thinks is 
an unknown morphogenetic influence The important point 
here is that the Triton embryo is highly equipotential 

“8. Embryology and Time” (pp 75-6). “Every single 
embryological process occupies a specific temporal position 
within a well-ordered sequence of events”; and unless it 
occurs at the right time it docs not occur at all. This is 
rightly described as the most important matter in morpho- 
genesis from the temporal point of view, and it is based on 
numerous experiments 

“e. Morphogenetic Harmonics” (pp. 76-9). Organo- 
genesis occurs “in separate lines . , . which may start from' 
a common root, but which are absolutely independent of one 
another in their manner of differentiation ” Thus, Driesch 
explains, the dcselopment of a part A is not dependent on 
that of concurrent parts B, G, D; but it may ha\'c been 
“formatively dependent” on previously formed parts E 
and F and there may be various formative actions among the 
constituents of A itself. But tlie resulting organism is a whole 
in organisation and function The rest of this section is 
obscure. 

“£. Restitutions” (pp 79-84). [Cf. Driesch, Die otgani- 
schen Regulationen, 1901; T. H Morgan, Regeneration, 1901). 
The five preceding sections deal with ontogeny, the develop- 
ment of the individu2il from the germ or egg. But morpho- 
genesis also occurs in the adult in many animal phyla, and 
analytical morphogenesis must discover the “specific and 
real stimulus” which evokes processes of restoration or 
restitution. 

Primary or ontogenetic processes may involve primaiy 
regulation or restitution, at least under experimental con- 
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ditions, as when part of a blastula builds up an entire or- 
gaiusm Sccondaiy lestitutions aic tliuse wlikh occur \shen- 
ever a distuibaricc of orgctmsation is rectified by abnormal 
processes, they rc\cal potencies svhich arc latent during 
ontogeny; they occur in the adult, or partly adult, organism. 

That type i\hich Dricsch terms “ Te-diffcreniiation'’ is dis- 
cussed in the next chapter; in this all the elements of the 
organisation take part 

Regeneration is restitution on the site of the wound or dis- 
turbance Adienlitious processes occur at some distance from 
the wound These two processes Driesch terms “complex ” 

Fourthly, compensatory hypertrophy is the abnormal decelop- 
ment of one organ to compensate for the loss of another; 
e.g a kidney may become larger w'hen its fellow is removed, a 
leaf may be developed from a scale, and so on 

Finally, at least in plants, a change of the directive 
irritability, eg “gcotropism . .in certain parts may... 
restore other more important parts ” 

Driesch then discusses the nature of the stimulus which 
calls forth restitution (c/. Stimuli of Restitutions, Internat. 
Zool Congress, Boston, 1907). That the wound itself is not 
this stimulus is shown by restitutions that occur not at the 
wound, and the removal of an obstacle docs not e.xplain 
why a particular growth, that which is needed, occurs The 
“Auslosung"’ theory of compensatory development will 
cover certain cases, such as those mentioned under com- 
pensatory hypertrophy, but not others in which quite new 
formations or the regeneration of old ones restore damaged 
parts. Food assists restitution but does not “cause” it, as 
Morgan has shown that true regeneration occurs whether the 
animal is fed or not Something may be due to the effect 
of possible additions, similar to hormones, added to the body 
fluids by each part, so that their absence gives a stimulus to 
the body, but this, in Driesch’s opinion, does not account for 
the eomplicated nature of a restitution. So the problem of 
the stimuli which evoke restitutions is not solved at present; 
but it points to the idea of wholeness as an important one for 
biology {ibid , p. 84) . 

“Chapter 3. Morphogenetic Localisation” (pp. 85-109). 
Its importance is indicated by the sub-heading, “First 
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Proof of the Autonomy of Life ” Dricsch starts from the 
three elementary concepts previously discussed — ^prospective 
potency, means (or conditions) and formative stimulus, 
and asks if they arc sufficient to explain every morphogenetic 
event. Thence arises the further question; Docs a specific 
formative stimulus account for the localisation of every 
morphogenetic event? 

From cambium a whole branch or root may arise, so its 
potency is complex But he is hardly correct in saying that a 
single cambium cell can give rise to a root or branch {ibid., 
p. 87). In the embryonic layers mentioned the function of 
each single part depends on its position, this Driesch 
terms a singular equipotential system But there is a harmonious 
or correlated growth, so that the most suitable name is 
harmonious-equipotential system {ibid, p 88). 

Driesch then analyses “the fate of any element of our 
system” at considerable length, expressing the prospective 
value of an element x as a function of various factors. 
One factor is the size of the part s. Another is its position in 
the part or system cut out of a whole embryo, which he 
represents by “I” The formula then becomes / {si .. .) 
where s and I are independent variables. So far it is easy to 
follow hitn. It can also be agreed that there is a “certain 
factor” at work in every case of development, normal or 
experimental. But his statement that this is not a variable 
but IS the same in all cases {ibid , p 90), is at this stage an 
unjustifiable assumption. This can be added to the formula 
as “E,” It seems to me, whether it is variable or not In 
cither case the completed formula can be written as / 
{s.l E). This mathematical equation has, of course, no 
special validity qua equation or formula, and its introduction 
seems to me quite unnecessary 

A very interesting account of experimental work upon 
restitution in the hydroid Tubulana and the ascidian Clavel- 
lina follows, with reference to similar experiments upon 
Hydra, Planaria, Stentor, and other animals {ibid., pp. 92-6). 
Parts of these animals are able to regenerate the entire 
organism and are admirable examples of karmomous-equi- 
potential systems. The new head in Tubulana is not restored 
by ordinary regeneration but by the combined work of many 
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pans of the stem The biological student will understand 
what Dricsch means by this term much better finm a study 
of these experiments than from his rather difficult abstract 
analytical treatment 

He then returns to abstract analysis of the factor E {ibid , 
pp 96-105) On p 97 he explains E as “the prospective 
potency, with special regard to the proportions embraced by 
It”, and so a constant (of a very indeterminate kind, in my 
opinion) for any given layer or organ, such as a part of the 
branchial apparatus of Clavellina. He then sets out to show 
that E IS not explicable by (1) Means or Formatne Stimuli, 
(u) Chemical Theory, (ui) any Machine Theory {ibid., 
PP 97-104) 

Means have been shown above to have no value or power 
for localising organogenesis. In a footnote {ibid , p 97), he 
shows that, if external conditions are thought to have this 
power, the result would be normal development at the cut 
ends or edges and non-development in the unharmed middle. 
And no such stimulus comes to the fragment from without 
as it does when a lens is formed owing to the optic vesicle 
touching the skin 

As regards chemistry, the first theory dealt with is that a 
very complex compound, which may be the basis of develop- 
ment and inheritance, may “direct” morphogenesis by its 
disintegration Driesch’s first objection is that if restitution 
or regeneration is caused by this hypothetical disintegration, 
the rebuilding of the compound m the restored part or organ 
is unaccounted for {ibid , p. 99) 

He then makes another criticism, chemical disintegration 
cannot account for the differentiation found in harmonious 
potential systems which are not affected by localising causes. 
It IS not the chemical composition of, say, bone that is in 
question but the required arrangement or form of the bones 
which appear in the right place and shape in regenerated 
limbs and other organs As he sums up, specificity of form 
does not go hand-in-hand with specificity of chemical com- 
position and therefore cannot depiend upon it nor upon 
molecular arrangement {ibid, pp. gg-ioi) This argument 
is thoroughly sound. 

The machine suggestion is the most plausible non-vitahstic 
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explajnation foi development; but it must covci dbnoimal 
morphogenesis and restitutions as svcll as normal develop- 
mental processes. And as machine must heic be understood 
in a “most general sense” and must include the cxistentc of 
“chemical constituents”, Driesch thinks that such a highly 
complex machine might account for undisturbed develop- 
ment, if the removal of parts of the systems of the embryo 
lead to fragmental development, such as Roux’s experiment 
with the frog embryo indicated 

But his experiments prove that parts, his harmonious- 
cquipotential systems, actually behasc quite differently to 
what this theory demands; and this is the crux of his argu- 
ment. If the machine theory were true, any moderately 
sized part of the machine, taken anywhere in it, must be able 
to act like the entire machine; so that all parts of the system 
are at the same time constituents of different machines {ibid., 
p. 103) And these different machines may be of vaiious 
sizes and may overlap one another But “a machine . . . 
cannot remain itself if you remoA c parts of it or if you re- 
arrange its parts at will ” 

That is, the experiments begun by Diiesch and continued by 
himself and others on mutilated embryos or adult organisms 
show that morphogenesis is not explicable on mechanistic 
hnes {ibid , p. 104). I see no escape from this argument, 
based upon so many and so various experiments and obser- 
vations. And it is accepted by Wightman, who, however, 
cannot accept Driesch’s entelechy {Science and Monism, 
pp. 349-51; cf. p. 156 below) Objections by modem 
mechanists such as J Needham {cf III (6), 3, 11) are based on 
rejection of the concept of orgamsm; but for most biologists 
this concept is fundamental {cf III(</), 1 ; Ill(i), 3, v; etc ), 
so such objections, being based on a prion assumptions, are 
worthless. 

Morphogenesis then is not “a specialised arrangement of 
inorganic events”, Driesch very properly argues; and so 
biology does not comprise only applied physics and chem- 
istry. “ Life is something apart, and biology is an independent 
science” {ibid., p. 105). 

He adds that his results, as so far expressed, are negative, 
and that the evidence is obtained per exclusionem, that is, by 
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discussing all other hypotheses and proving that they are 
incorrect, ui at least inadequate, so that the remaining one 
must be accepted as correct But, as he says, that is the 
normal scientific method, which leads to ‘‘something new 
and elemental” being introduced whenever new discoveries 
make it necessary [tbid ^ p 105) The idea of radiation is a 
recent example of this in the realm of physics . there are many 
others. 

What he has proved then may be termed vitalism; at least 
he has supplied a proof (his first) of the autonomy of life. 
From Aristotle he adopts the term “entelechy” for the vital- 
istic or autonomous factor which is essential for morpho- 
genesis. 

This chapter closes with a claim for the universality of 
scientific concepts in biology as m other sciences; ivhich here 
means that if certain embryos are found to behave in a certain 
way it is reasonable to suppose that similar ones would do 
the same. Provided that a sufficient number of experiments 
and observations are made to prevent the scientist from 
drawing rash conclusions from one or a few aberrant 
individual cases this hypothesis must be admitted. 

“Chapter 4” discusses certain other features of morpho- 
genesis which indicate autonomy in living things 

In the section “On Certain Combined Types of Morpho- 
genetic Systems” Dricsch points out that the harmonious- 
equipotential system is not unique. There is also the complex- 
equipotential system, in which any one of several constituent 
elements may produce a whole organism as in the 2, 4 or 
8-celled cleavage stage of Echinus. But as 2 or 3 of its four 
cells or 3, 4, 5, 6 or 7 of its eight cells may also produce a 
whole organism, the Echinus embryo is also a harmomous- 
equipotential system Planaria is another example 

To these two systems and their combination Driesch adds 
the complex-harmonious yistem, as seen in the tail or leg of the 
newt and the body of Planana, because these have been shown 
by Godlewski and Weiss to be capable not merely of re- 
generating a tail, foot or head to reproduce a completely 
severed member, but of forming a new member when 
the section is only partial. He also mentions briefly the 
“super-regeneration” which sometimes occurs after a com- 
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plicated wound is inflicted But he claims nothing new 
from these 

The icciprocily of liaimony seen m the con elated development 
of new tissues from the various elements of a cross-section is 
an important feature of morphogenesis. Mirror and trans- 
gressing equi-potentiahtics {ibid., p. 113) indicate an enlarge- 
ment of ordinary harmomous equipotentiality, but do not 
need special discussion here. 

Restitutions of the second order have been found in 
Tubulana by Driesch {At eh Entw Meek, 5, 1897). While 
normal restitution was proceeding he removed the terminal 
ring of developing tentacles, after this disturbance the resti- 
tution itself was regulated. Sinular occurrences have been 
discovered in Planaria (Morgan), Clavelbna and other cases 
{ibid , pp 1 13, 1 16). Now in Ti/iu/ana this secondary regu- 
lation may occur in three different ways, yet the end is the 
same Yet, though many people might see in this equi- 
jinality of restitutions another proof for vitalism, Driesch will 
not count it as one, but includes it in his first two proofs. 

He concludes, however, and rightly, by saying how inade- 
quate are (ordinary) scientific conceptions when confronted 
with such phenomena of life finally mentioning the great 
extent to which regeneration may be repeated {ibid , p. 117). 

“Part I, C” deals with “Adaptation” (pp 118-141). 
As Driesch does not claim any positive results from its con- 
sideration, it need not be discussed at great length. A few 
definitions may, however, be noted. 

Regulation is the occurrence or group of occurrences 
which takes place after disturbance of the normal orgamsa- 
tion or state of functioning and leads to their reappearance; 
the former piocesscs are restitutions, the latter adaptations. 

Mimicry, protective coloration, and so forth show adapted- 
ness, not adaptations, m Driesch’s phraseology. 

Primary regulation is that which serves to maintain normal 
organisation or functioning. Secondary regulation serves to 
re-establish normahty after disturbance "along lines outside 
the realm of so-called normality '' He considers this distinction 
a very important one {ibid., p. isi). 

He is prepared to grant that many processes in the living 
body which appear to be against ordinary laws of inorganic 
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science are really explicable by physics and chcmistiy in view 
of the complexity of the organism [ibid., p. 120) 

But after a critical discussion of “Physiological Adapta- 
tion” Driesch concludes that secondary regulation is realised 
“beyond doubt” in immunity against diseases. Cells of the 
organism, such as the white blood corpuscles, attack and kill 
noxious bacteria; membranes are formed to isolate trichinae 
and some kinds of bacteria; but the chief examples of the 
reaction of organisms against diseases and organic poisons 
are the “anti-bodies” formed by warm-blooded vertebrates. 
There is not merely the production of sufficient antitoxin 
to neutralise the toxin actually present, but the production 
of a surplus to guard against future attacks [tbid., pp 136-8). 

Yet he counts this only as a strong indicium that the or- 
ganism is more than a machine This is a good example of 
the caution typical of his argument. Many people, unless they 
refuse to admit the existence of organisms altogether, would 
see in these wonderful reactions of the orgamsm a definite 
proof for vitalism. 

“Part I, D, Inheritance” (pp 142-54) is important, as 
Driesch finds here his second proof of the autonomy of life. 

Earlier [ibid, pp 34-5) he criticised Weissmann’s germ- 
plasm theory as dogmatic and insufficient as an explanation 
for the facts of morphogenesis Here he expresses pleasure 
because the continuity of some material as “one of the 
foundations of inheritance” has been clearly stated. But he 
points out that, owing to metabolism, this does not imply 
that the same community of atoms “or what you wUl” 
persists throughout many generations. Material sameness is 
true only of the matter connecting two generations; as 
regards all generations the sameness is of one quality, not of 
identical matter [ibid , p. 143; cf. p 117). 

Inheritance is then considered with reference to complex- 
equipotential systems [cf. Driesch, Organ. Regal., 1901): in 
these, complex acts, consisting of a manifoldness in space and 
time, can be performed by one of several single elements. 
Such a system is the cambium of flowering plants, even if 
each of its elements could restore only root or branch. 
Better examples are seen in hverworts and the leaf of the 
begonia, in which single cells can reproduce entire plants 
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p 145''. In animals complex moiphogenctic systems 
are seen in the legs of newts, cte ; the sett ion may be made 
an>^yhere vet a complex oigan — leg ami fool — is u-geiieiated. 
But in many annelids or in ClavcUi/ui tliere ai c ti iie romplex- 
potential s\-stems The section de\ elops the poslei 101 half on 
one part and the antenoi half on the othei ; and the section 
can be made m \arious places Finally, such systems are 
seen in the sexual 01 gan, notably the o\'ar> Every l ell (ovum) 
formed from the man can icpioducc a w'hole oigamsm, in 
some animals by pai thenogencsis 

Hence, by an argument full of details but simple in 
outline, Driesch deduces a second proof for “vitalism” (pp. 
147-9). briefly, it is that no machine conception, 

howe\er far it is pushed, can account for the oiigin from an 
ovary of single cells capable of rcpi oducing a whole organism 
and that an almost exact copy ol the parent, hoivcvcr large 
or differentiated it may be If a machine cannot account foi 
this excessnely common but ncxeiiheless mar\'elIoiis occur- 
lence something else must; and to this piinciplc actuating 
comple.x-equipotcntial systems he wisely gi\es the same 
name as to that w'hich actuates harmonious-equipotential 
systems — entelechy 

This second proof is independent of the first proof because 
it is based on a diffeient set of biological phenomena; 
though it has a bearing on the validity of the fiist {op cit , 
PP 149-50) 

Is his argument sound ^ Put in other w'ords, it means that 
inheritance and the beginning of ontogeny cannot be 
explained mcdiamstically This is surely valid reasoning, 
except for those to ivhom the concept of organisms is 
meaningless 

The remainder of this chapter outlines the Mcndelian and 
gene theories, indicates his acceptance of both, and con- 
cludes by stating that genes are means for inheritance and no 
more, and that “all order in morphogenesis is exclusively 
due to entelechy” {op. cit , p 154). 

In his summary of “Section A, Part I ” {ibid., pp. 155-6), 
devoted to the study of individual morphogenesis, Dricsch is 
succinct and clear. This has, he claims, proved an autonomy 
of life phenomena m some departments, and probably in all 
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of thorn. There cannot be a machine in the cell from which 
the individual originates because this cell results fiom a long 
series of diMsions, affecting nucleus and cytoplasm, and a 
machine cannot be divided and yet remain what it was. 
I would add that the alternative way of thinking that a 
machine can generate a lot of other, little, machines is 
equally absurd This is his second pi oof from complcx- 
equipotential systems. 

Nor can a harmonious-cquipotcntial system be explained 
on a machine theory because its dctelopment proceeds 
normally even if its parts are rearranged or partly removed, 
and no machine can function under such distui bances This 
is his first proof of the autonomy of life 

He has not claimed other phenomena, such as regenera- 
tion, as proofs; he considers regeneration as only another 
phase of complex-equipotential systems. 

“Section A, Part II ” deals with S>stcmatics and History 
(pp. 157-84) 

Biological systematics, Dricsch claims, is nothing but 
classification, although in the various “natural” systems it 
has been carried to a high degree But though we have 
excellent classes, orders, and sub-di\ isions thereof we cannot 
say why there must be just these groups and no others, nor 
why these should be as they are 

The two most important concepts gained from biological 
classifications are those of the “type”, due to Cuvier and 
Goethe, and correlation of parts Embryos show type 
characteristics better than adults; but even in them specific 
differences arc very early apparent {op cit , pp 157-60). 

Then the “Theory of Descent” is discussed, followed by 
criticisms of “Darwinism ” and “Lamarckism ” He admits 
“a great deal of probability” for the idea of “ transformism ” 
(of species and so on), especially as the arguments from 
geographical and geological distribution are not biological 
only. But he considers that the theory of descent tells us but 
httle, as we have little or no real knowledge of the dynamic 
factors which cause it He admits rather grudgingly that it 
may be possible to ascertain the phylogenetic history of some 
smaller groups (p. 163), which certainly underestimates the 
work done on the history of the Horse, Camel, and Elephant, 
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to mention a few mammals only [cf Broom, p 64) But he is 
on more sure ground m criticising the various conflicting 
theoiics of the origin of vertebrates put forward by sup- 
porters of monoph) letic dc\clopmcnt {ibid, p. 164). 

Finally, he sums up the four kno%vn methods of devia- 
tions from inheritance. Johannsen's experiments show that 
continuous variations arc not inheritable, provided that no 
mutants arise in the pure hne The inheritance of acquired 
characters he regards as unpro\cd Mcndelism, interesting 
and important in its wa^, pro\es nothing about phylogeny 
as it IS based upon ^ ariations already existent, and only tells 
us how they are handed on, not how they arise ab initio. 
Fourthly, he mentions mutations, but the treatment is very 
slight and docs not mention the u ork of T. H Morgan He 
IS right, however, m stressing the lack of plan or law in the 
origin of mutations under natural conditions. 

Darwinism. He pays tribute to Darwin as a non- 
dogmatic scientific searcher after truth, but regards the 
“Darwinism” of his followers as mere dogmatism. Like 
most biologists he admits natural selection to be a cause vera 
{ibid, p 170), but points out that it is a negative factor. 
It causes the elimination of the unfit but docs not account 
for the origin of anything Material for natural selection to 
act upon can only arise fiom mutations He docs not allude 
to chromosome changes as a cause for the origin of new 
Linnaean species. 

He considers that Darwinism fails to account for mutual 
adaptations, such as those between insects and plants, for 
the origin of parts whose utility is apparently non-existent, 
and for the origin of organs, such as the eye, which arise from 
different parts, and especially that it does not account for the 
early stages of organs which are useless though the mature 
organs are useful. Finally he points out that Darwimsm does 
not explain restitutions {op. at., pp. 172-4). 

This last argument is a clever one and indicates that 
Darwimsm is absurd, at least as an explanation for these 
facts But a possible reply for Darwinians is that simple 
organisms possess powers of regeneration, but that, like other 
attributes of such creatures, they have been lost m more 
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complex animals Such a reply defends Darwinism from the 
charge of absurdity, and also supports the vitahstic position 
and Darwin’s own belief in the special creation of life by 
showing that elementary oiganisms possess powers quite 
unlike those of inorganic bodies 

Diicbch docs not deal with neo-Darwinism, as expounded, 
foi instance, in Haldane’s Causes of Evolution or Fisher’s 
Genelical Theory of Natural Selection Yet, though these 
particular books appeared after Driesch’s revision, their 
argument was known in broad outlines before 1928. 

Lamarckism Modern Lamarckism, which, Driesch 
points out, differs materially from Lamarck’s teaching, is 
criticised here The idea that organisms possess a faculty 
of responding to any change in en\'ironment is vitahstic; 
Lamarckism as expounded by Pauly {Darwtntsmus und 
Lamarckismus, 1905) has also a psychological or “psychistic” 
trend {ibid, pp 177, 179) Driesch, however, shares with 
most biologists the belief that the inheritance of acquired 
characters has not been deaily proved; though he sees a way 
out of this difficulty if Pauly’s idea of adaptive characters as 
contingent mutations is adopted But even this will not save 
Lamarckism as G Wolff’s criticisms of Darwinism apply to 
Lamarckism too {ibid , p 1 80) The phenomena of i estitution 
remain inexplicable, as Driesch constantly argues; and he 
agrees with the Darwinians that Lamarckism breaks down 
before the facts of organisation among termites, ants, and 
bees, many individuals of which vary greatly but do not 
reproduce themsehes 

A short section on “Phylogenetic problems” {ibid, pp. 
182-4) dismisses very cursorily the theories of Eimer and 
others about some law or laws of phylogeny, as indicating 
only the e.xistence of an unknown principle, if evolution occurs 
at all ; and neither here nor anywhere is Berg’s Nomogenesis 
alluded to. The section closes with a list of questions to 
which Driesch sees no answers. 

The whole of this “Part II” is in the nature of a paren- 
thesis, except for his rejection of Darwinism as the only 
theory of evolution which mcikcs a materialistic philosophy 
of the organism possible. 



DRIESCH AND ENTELECHY I49 

In “A, Part IIIj Organic Movements ” (pp. 185-239), the 
positive argument for the autonomy of hfe is resumed. 

Though the ordinary study of physiology is of little help, 
the “wholeness” of acts of movement demands considera- 
tion from the beginning. As an illustration Dnesch con- 
siders three dogs crossing a road. The first, a normal dog, 
has to accelerate and run in a curve to avoid a carriage; the 
second has lost part of a cerebral hemisphere, so his move- 
ments are somewhat defective; the third can use three legs 
only. These instances correspond to variations in totality 
of external stimuli, in the intermediate organ, and in the 
effectuating or motor organ, respectively Yet the dog can 
reach his destination in each case. This illustrates the three 
kinds of regulation possible as regards actions {ihtd , pp. 
186-8). Woodger {Biological Principles, p. 449) criticises 
Driesch’s philosophic assumptions here; but the criticism 
docs not seem to me to affect Dnesch’s argument. 

In lower forms of animal movement (Dncsch, pp. 189-91) 
we find Induiduality of Correspondence between stimulus 
and reaction, based upon experiments by Jennings and 
others. This contradicts J Loeb’s earlier view that move- 
ments are merely reflexes and tropisms. The term “Indi- 
viduality of Reaction” would, however, be preferable, I 
consider 

Instinct is discussed in the second chapter. Driesch defines 
it, rather qucerly, as one of the higher classes of animal 
movements. But his discussion, though interesting, need not 
be dealt with in detail, for he finds in instinct only some 
indications of vital autonomy, “no real absolute proofs” 
{ibid, pp. 192-201). 

Such a proof is found under the head of Action 
(“Chapter 3”, pp 202-35). takes acting organisms, 
including men, as merely “natural bodies in motion ”, thus 
avoiding “pseudo-psychology”, and agrees with the work on 
behaviourism done by Watson and others, so long as it is not 
taken to imply an a pnon mechanistic conception of life. 
This attitude is fair and reasonable. 

His definition of action {op. cit , p. 203) is important. He 
will not ttike it as equivalent to movement of any sort, only 
to movements which depend not merely on an actual 
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stimulus but on the sjk( ifieity of all past stimuli received by 
the organism and on (heir cfTccl for this the term “expen- 
ence” may be used Thus, when Jennings found that 
Stentor reacted in various ways to a stimulus, finally swimming 
aw'ay, no experience was demonstrated But it was shown 
when, on the experiment being repeated, Stentor swam away 
at once Such actions arc clearly exhibited in all vertebrate 
classes and in many invertebrate classes {op. cit., pp. 205, 

235-9) 

But acting is best examined m Man, considered as a material 
system in motion, all psychology being excluded {op. at, 
P 207). 

As a first criterion acting or reacting has an historical basis, 
but It IS a general one, not specific, still less mechamcal like a 
gramophone record which gives the same tune every time it 
IS played. The effects of random movements may form part 
of It, as IS noticed in babies Effects gained by “trying” are 
used for future problems, and what psychologists term 
association also forms part of the historical basis of acting. 
Pavlov’s experiments arc referred to here {op at., pp 206, 
238) Driesch finds himself obliged to use psychological 
terms occasionally but he avoids speaking of “memory ” 

Ev'cn in the historical basis of action alone he finds a 
disproof of mechanism and a proof of vitalism Learning by 
trial means that a material system M, when affected by a 
stimulus S, produces various reactions Ri, R2, Rg . Rq 
T he important point is that if M is affected by S a second 
time It reacts at once to R„ Learning by association can be 
summarised as M affected by S, with which another event T 
is associated, though T docs not itself evoke a reaction But 
later T alone will evoke the reaction due originally to S 
{op at., p 212). 

But, as he rightly says, there is nothing hke this in the 
inorganic world {op at., p 213). To give one crude illus- 
tration of my own, a compass needle will turn when a magnet 
is brought near and simultaneously a book is opened. But 
opening a book will not deflect the needle however many 
times the compass has been previously subjected to the 
double experience (The incongruity of the term “experi- 
ence” when applied to an inorganic object is illuminating; 
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the word is nonsensical except foi oiganisms considered as 
essentially different from the inorganic If Pavlov could 
have shown that a compass needle could associate the sound 
of a bell with' the effect of a magnet he would indeed have 
gone far to destroy the vitahstic differentiation of the living 
from the non-living ) 

To sum up, while some movements are reflex, in others 
there is evidence of capacity for learning by trial and error 
or by association, and this acqmsition of experience is a 
proof of vitalism. 

“Individuality of Correspondence” is the second criterion 
of action {op. at , pp 213-16). 

Stimuli may be simple or “individualised”; the latter 
means a specific combination of single elements. Such a 
stimulus always evokes action — ^not a mere reflex movement. 
The reaction to a specific person, melody, or such like, is 
different from the movement that may be evoked by seeing an 
unknown person or hearing an unknown tune The reaction 
is not constant; it is individualised, but quite differently 
from the individualisation of the stimulus which evokes 
It. Here is another difference between the Organic and 
Inorganic 

This individuality of correspondence between stimulus 
and effect is illustrated with an example used by Bergson, 
but dealt with by Driesch from a behaviouristic point of 
view. Two friends meet, and A says to B, “My brother is 
ill.” B will react by certain sounds, possibly by action. 
If “mother” is said instead of “brother” the mechanical 
difference, of sound, is very slight; but the effects of the 
two stimuli will be very different. Again, “My brother 
is ill” might be said in any language known to B; the 
mechanical difference is great but the stimulus is un- 
altered. 

Driesch justifies his use of a sentence as a stimulus in a 
footnote (p 215); the general mental condition of B, his 
“historical basis,” certainly affects his reaction but it does 
not cause it. 

Now the stimulus is not an aggregate or resultant but a 
totahty, and its totality or meaning may be the same even if 
all its details are altered (as when a different language is 
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used) ; the reaction remains the same. Yet a small change in 
the stimulus may produce a great change in the reaction. 
But the reaction is a totality too {ibid , pp 216-17) 

So Driesch considcis that life-autonomy is shown by the 
second criterion of acting as by the first But the proof 
from the second cnterion does not seem to me so sound 
as that derived from the historical basis of acting. For 
instance, it may be objected that the reaction to “My 
brother is ill” is affected largely by the single elements 
“My”, “brother”, “ill”, “is.” The reaction differs if it 
is somebody else’s brother, if it is some other relation, if 
the predicate is different, if the tense is past or future 
instead of present 

But that human action is a valid proof for autonomy of 
life, at least human life, seems certain And Busse and Berg- 
son, in Matter and Memory (1896) {cf III(A), 2, in, below), 
have both adopted the same position, though with different 
methods. 

This third proof of vitalism is quite independent of 
Dricsch’s first two proofs, based on (1) harmonious and 
(11) complex equipotential systems m morphogenesis; and the 
two criteria of action are complementary and the argument 
for vitalism can be formulated from their union {op cit., 
pp 220-21). 

Driesch prefers to term the autonomous principle dis- 
covered in action the “psychoid”; but most people use 
entelechy, as Driesch does for both his earlier autonomous 
principles. He avoids psychological terms such as mind, 
soul, psyche, as his treatment is non-psychological through- 
out, as far as possible {op. cit , p. 221). 

From a study of “cerebral physiology” Driesch argues 
that the material brain is not the basis for action; “memory” 
and “understanding” are not functions or secretions of the 
brain, though it may be related to them “in an unknown way” 
{op cit., pp. 225-30) This part is very compressed, though 
numerous experiments are referred to. Bergson’s treatment is 
much fuller. 

Similarly the “ Regulability of Movement with Regard to 
the Motor Organs” {ibid , pp. 230-35) is too compressed for 
further condensation, and the vitahstic conclusions drawn 
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from experiments, though interesting, are subsidiary to the 
mam argument discussed above 

So ends “Section A” on “the Science of the Organism.” 

The second volume, “Section B”, deals with “The 
Philosophy of the Orgamsm ” 

In Its introduction {op ett , pp 243-4) teleology is referred 
to for the first time It was avoided previously because 
of its personal, psychological content. A man’s willing is 
purposeful, but science should not use this term. However, 
as the corresponding scientific word has not yet been in- 
vented, Dricsch IS now prepared to use “teleology” ana- 
logically in connection with organic phenomena. A man- 
made machine is in itself purely mechanical or physico- 
chemical, but It shows teleology as a man means it for a 
definite purpose. Many mechanisms in nature may be said 
to show adaptation to an end and so can be called teleological 
in the popular sense. Driesch calls this static teleology of 
constellation. Where cntelechy is proved to act he speaks of 
dynamic teleology — by analogy again; but the psychoid 
shows this in a more advanced form than the entelechy 
associated with moiphogencsis 

Entelechy always produces manifoldness which is extensive 
in space, but it is not in space itself it is “manifold in thought 
but simple as a natural agent” {ibid , p. 245). Provisionally 
Driesch speaks of different ranks or orders of entclechies 
{ibid , p. 246) . But this has an ill-omened sound, redolent of 
long discarded bias and archaei, and accords badly with the 
simple fundamental conception of entelechy associated with 
each of his three proofs of vitalism In other parts of the book 
he speaks of entelechy in the singular; only at the end {op. 
cit , p. 329) does he state clearly that “ there is one entelechy” 
and the “sub-entelechies’ previously spoken of must “in 
any case” be thought of as connected. 

“B, Part I ” discusses “Entelechy and Physics.” Here and 
elsewheie, apart from the philosophical question of free 
will, he Ignores all recent work on indeterminacy in atomic 
physics {vide my Ill(f), i). Vitalism, as he suggests, needs 
not be equated with indeterminacy; but the apologist for 
vitalism need not press determmism beyond its present 
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limits, or apparent limits {cf. op. cit , pp 248-9 ; and Woodger, 
Biological Principles, p 427). 

His discussion of the relation between Entelechy and 
Causality {op cit , B Part /, B, pp. 250-85) is abstruse, and 
his treatment of consei\ation of energy and the second law 
of thermodynamics can be omitted in a work on vitalism. 
What needs attention is the manner in which Driesch relates 
entelechy to them 

He accepts the principle of the conservation of energy for 
organisms, including the body of Man, and Ostwald’s idea of 
an unknown form of energy, active in morphogenesis and, 
probably, in “nervous phenomena”, even though small in 
amount, is rejected, though atti active to the vitalistic thinker. 
The possible existence of such eneigics would not affect 
entelechy or vitalism according to Driesch All forms of 
energy, he affirms, arc quantitative, or capable of measure- 
ment in terms of work But entelechy lacks all character- 
istics of quantity, it is order of relation, so it is not an 
energy and does not disturb the law of conseivation of energy 
(iW,p 257) 

Driesch’s attempted solution of the problem of entelechy 
and entropy is w ell knovra He considers that entelechy can 
suspend any one of all reactions that arc possible in a given 
case and which would happen without entelechy. Also it 
can allow to occur any reaction which it has suspended, 
though It cannot cause a new reaction to take place. It is 
thus an agent but not a physico-chemical one 

Hence he deduces that entelechy must have always acted, 
that IS, that life is continuous. This points to a beginmng of 
hfe and entelechy, as physical reasons show that life cannot 
have existed externally on the earth [cf my Part 11 (c)) 
But, unhke Darwin and Wallace, Driesch will not admit the 
only solution to this problem — that of a creation of life 
or “primordial act of suspension of inorganic becoming” 
{op. cit, p. 263). He merely states “we know nothing”; 
which is reasonable for science but very cautious for a phil- 
osophy of the orgamsm. Later, however, he rejects abio- 
genesis entirely — even as a source of life in the dim past 
{op. cit., p. 302). 
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He suggests that entelcchy manifests itself in the formation 
of enzymes which, once they are formed, work on purely 
chemical lines {ibid , p 263) It is amazing that this great 
topic should be so scantily treated by Driesch The occur- 
rence just at the right time and place of enzymes is an argu- 
ment for vitalism which grows stronger every day as new 
enzymes or zymogens arc discovered {cf my III (6), 3, iv). 

Entelechy and Mechanics arc discussed in “Chapter 3” 
(pp. 269-78), with much repetition of previous work 
Driesch docs not considci the modern physics made familiar 
by Jeans, Eddington and other writers, and takes mechanics 
in the Newtonian form for simplicity; but he claims that his 
arguments may be easily transformed to suit other systems 
{op. at , p 270) He states that the suspension of energetic 
processes and the potential relaxation of this suspension by 
entelechy do not contradict the laws of physics; and certainly 
the energy in the physical system can be unaltered, as, for 
instance, if a pendulum is held up at the point where all its 
energy is, momentarily, potential But how can a pendulum 
be checked except by a force or icsistance from outside the 
pendulum^ Yet entelechy is “non-cncrgetical” {op. at., 
P- 56). 

Driesch’s treatment of such problems can only be regarded 
as incomplete, not to say weak He says, finally, “The laws 
of pure mechanics are broken in any case ”, and it seems best 
to leave it at that Life is autonomous and thcicforc living 
things do not entirely obey the laws of mechames {cf. op. 
at.,p 277). The same difficulty arises when the reaction of 
mind and matter is considered by other writers 

He is on sound ground when he points out that entelechy 
affects only general features of orgamsation, not the details 
of individual molecules; though the possibility that, as 
Eddington suggests, brain particles might be affected by mind 
must not be lost sight of {cf. my Ill(i), 2, iv). 

“Chapter 4, How Entelechy is affected,” calls for little 
comment: much of it has been dealt with in connection ivith 
earlier chapters. The summary is that entelechy is called 
into activity by changes of normality as a whole in any 
system it governs, or, rather, is inherent m. “It only inter- 
feres at certain points and at certain moments and then leaves 
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matter to itself.” Quantitative changes in entelechy are 
impossible as entelechy is essentially non-quantitative The 
question whether entelechy is a special type of causality is 
postponed {op. cit , pp 282-5) 

“Part I, C” discusses “Entelechy and Substance.” But it 
gives us little further information about entelechy, although 
many aspects of biology are touched on m a stimulating way 
Driesch rejects the idea of a “hvmg machine ” but does not 
do justice to the invariable connection of life with the mixture 
of colloids termed protoplasm 

In philosophical language it is possible that entelechy may 
be one “substance ”, matter being another, and both forming 
part of Nature {ibid., p. 297). But we do not know {ibid, 
p. 300) . Entelechy cannot be divided, for divisibility implies 
spatial dimensions, which entelechy does not possess. So it 
cannot have a seat like Descartes’ pineal seat of the soul; 
though it may have points of mutual relation with an 
organism (iW , p 299). 

The gist of this “Part” is the admission that, “so far ”, the 
characteristics of entelechy are little more than a series of 
negations {ibid., p. 300). This is the weak point in Driesch’s 
exposition of his theory, and critics have not been slow to 
seize upon it {eg. Wightmim, Science and Monism, p 352), 
as though this were the end of the book Actually, though 
very unforcibly, Driesch puts forward a better, positive, view 
of entelechy under the incongruous heading “Biology and 
Logic ” in his “B, Part III ”, a section easily overlooked by 
critics who are not interested in Driesch’s views on logic and 
metaphysics. This is a serious example of the shortcomings 
alluded to below (p 159). 

Here is the necessary supplement to the dreary negations of 
his page 300, and it is on the lines I have indicated below as 
necessary. Entelechy is the “very nucleus ” or “essence ” of a 
living person; it is the ultimate source of the restoration of 
“wholeness” after disturbance in organisms; and so on 
{ibid., pp. 312-13). True, his criteria of what “wholeness” 
means are entirely unsatisfying {ibid, pp. 315-16); but it is 
enough to confess, as Driesch does on page 314, that proper 
definition is impossible, because wholeness is a fundamental 
concept, inexplicable in terms of simpler ideas. 
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Driesch then considers what forms of causality are possible 
if not actual [ibid , pp 318-22), the treatment being exactly 
the same as in his earlier History and Theory of Vitalism, 
Part II, D. 

There are, theoretically, four possible forms of “becoming” 
or of “causality ” (a) the parts of a given system may change 
independently of one another; every single change or event 
may be related to a previous single change or event; the 
manifoldness is the same if the changes occur within the 
system or is of a simple order of increase if affected by simple 
change from outside. Here we have singular (or additive) 
causality. 

[b) A system at rest, though unaffected by causes from 
space outside, might begin to show change. Here the 
postulate of causality may be abandoned; or some creative 
causality postulated as working into space; that is, motion 
creating causality. 

[c) The number of material elements in a system may be 
suddenly increased although none enters from outside the 
system. Again the concept of causality may be abandoned ; 
or a matter creating causality postulated 

[d) A system may change from a state A at a time ti to a 
state B at tg in such as way that, though no becoming has 
been initiated in a system at rest [b) nor has the number of 
atoms or elements been increased [c), the manifoldness of 
spatial relations among the elements of the system has been 
“greatly” increased, though nothing within the system or 
outside It in space accounts for the change (a). As an illus- 
tration a chaotic assemblage of atoms or elements may be- 
come grouped into an arrangement indicating wholeness, 
say the form of a fish or flower. Again the concept of causality 
may be abandoned; if not, a creative causality need not be 
hypothecated here as [b) and (c) cover the creation ideas; 
but there might be a new type of causality which should be 
called individualising (or unif^g) causality. 

I think it must be conceded that all possible temporal 
sequences, leading to the data of empirical science of the 
“Now-here-atom” type, must fall within Driesch’s four 
forms of causality. 

Which of these possible forms are realised? (6) and (c), it 



VITALISM 


158 

will be generally admitted, are not empirically realised “as 
far as we know”; to which many would add, “except most 
probably at a certain time or times in the remote past.” 
All will probably agree that the first form covcis the realm 
of inorganic nature. 

Is the fourth form actually realised^ Mechanists would 
deny it; vitalists agree witli Driesch that it is realised in the 
realm of living things, whether or no they limit their ideas 
of the autonomy of life to those claimed by Driesch for 
entelcchy The point here is that a logical justification is 
provided for the theory of life autonomy [op. at , p 322). 

“B, Part II, Biology and Psychology,” is brief, and must 
be dealt with briefly, as a volume could be written about 
entelcchy in relation to psychology Driesch rejects psycho- 
physical parallelism by a treatment similar to Bergson’s; the 
brain is not an independent mechanism but is used by entel- 
echy, as Driesch says, or by mind, as Bergson and others 
would say His discussion of psycho-physical interaction is, 
however, full of ambiguities 

“The Living of Life ”, that is of human hfe, is illustrated 
by a single example. I “will” to drink water; that is all that 
occurs consciously till I become conscious that my wish is 
fulfilled Meanwhile various actions occur: first and most 
mysterious of all, a brain motor centre is stirred into action; 
then a motor nerve is stimulated, certain muscles of arm and 
fingers contract to grasp a gltiss, “etc., etc.” But these pro- 
cesses are not consciously directed; most human beings are 
quite Ignorant of some of them [ibid , p 307) . 

Critics might say that people do not will to drink water. 
When the body is short of water a stimulus affects the sensory 
brain matter and then reflex action takes place And easy 
access to drinking water is assumed But Driesch’s argument 
holds if a book is substituted for a glass of water; there is no 
bodily demand for readmg, though the mind of a thoughtful 
person often requires its corporeal frame to hft, open and 
hold books till the mental thirst for reading is satisfied. 

As such bodily processes are initiated by a conscious 
impulse I cannot see how the conscious part of the whole 
episode can possibly be regarded as an epiphenomenon even 
to the entelechial states of the body, as Driesch suggests 
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{ibid, jjp 307-8). The cntelechial and bodily events are 
post-phenomena to an original \olitional aet, at least in my 
development of his illustration. 

Dricseh dismisses the conneetions between bodily reactions 
and such mental experiences as volition, emotions, sugges- 
tion, auto- and otherwise, with the remark that almost 
nothing is understood here He is disposed to agree with 
Bergson and Carr that the often alleged connection of a 
specific brain state with a specific conscious experience is 
erroneous Finally, he toys wuth solipsism [ibid , p 309) ; 
but soon afterwards he declares stoutly that “in practice” 
there are many pci sons in the world and not one only 
{ibid, p 312) 

“B, Part IV, Biology and Metaphysics” touches on 
various philosophical questions which need not be considered 
here, not even his stimulating discussion on “the One and 
the Many.” 

But a few concluding cnticisms may be made upon the 
book as a whole. 

The treatment is over-elaborate, following too closely the 
historical and logical development of Driesch’s own thought. 
Thus, his mam summary concerning entclechy is a mass of 
negations {ibid, p 300), and only later comes a too brief 
positive exposition pp 312-13; c/" p 156 above). The 
suggestion of different entelcchies working in the same 
organism on page 246 is only corrected on his page 329. 
Frequent repetitions occur, and they are burdened with 
unduly lengthy references to later parts where a mere 
“cf page ...” would have sufficed Questions are frequently 
raised, but the answers, or even admissions of ignorance, as 
for “wholeness ”, arc postponed again and again. Thus the 
book IS too long and unnecessarily difficult to follow. 

This last is a general complaint, as Rddl states {History of 
Biological Theories, Ch. XXXII, “Driesch’s Logic”). He 
suggests that this has hindered scientists from adequate 
examination of Driesch’s principles, and thinks that the 
obscurity is in Driesch’s thought, not his style. This, I con- 
sider, is partly correct, though Radi’s philosophic analogies 
are not to me very convincing. Nordenskiold too complams 
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that in “his profound and far-reaching analysis” Driesch 
enters “a maze of abstract speculations” and uses “ex- 
tremely complicated terminology” {Hisloiy of Biology,^ 609) 

Although the Gifford Lectures were rewritten m 1928 the 
references to experiments have not been increased, and this 
suggests that the experimental basis is not up to date. But 
the preface explains that reference is only required for the 
early experiments which made discoveries 

The cautious attitude evident throughout is reasonable 
and commendable up to a point, belief in a special power in 
living beings is only obtained by slowly demonstrating that 
inorganic forces do not account for the phenomena observed. 
But the argument would have been strengthened if Driesch 
had collected his various indicia for vitalism as an appendix to 
his three proofs {cf my Ill(d), 2, m). 

To the suggestions, made by Bergson {Creative Evolution, 
p. 44, footnote), and Wightman {op nt , p. 352), that entel- 
echy should be rejected, the reply, I think, should be as 
follows 

Firstly, this concept of a “rcgulatoiy” entity, directing the 
course of energy without consuming it, has done good service 
in helping to destroy old erroneous ideas of vital force as a 
form of physical energy, while not yielding to the absurdities 
of mechanism as a complete account of the growth and life 
or organisms. Secondly, where Driesch is positive he is right. 
Human action and the facts of the two equipotentia) systems 
are valid arguments for the existence of a controlling power 
present in hving organisms but absent in dead ones and non- 
living matter. Driesch weakens his case by not putting for- 
ward the other arguments for vitalism and by his agnostic 
attitude concerning the origin of life, although he belatedly 
admits sufficient knowledge to repudiate the mechanistic 
hope in primitive abiogenesis {ibid., p. 302). But, thirdly, 
his experiments and arguments have revived belief in a better 
conception of what the old term “vitalism” stood for. So 
in connection with those life manifestations which Driesch 
expounds so ably entelechy remains a useful term. Yet it is 
not an adequate expression of life-agency in the limited and 
partly negative form in which he employs it. 

What is needed is a concept of life as an agent — ^in a 
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category of its own, positive, parallel with rather than 
opposed to inorganic forces, but not to be decried and 
mystified as not being exactly as they are. Analogous to this 
hfe-agent category are the differing categories — or is it one 
category really? — of philosophy and psychology; human 
will, affections, and so forth act in a universe of electrons, 
energies, and the like, but defy expression in mechanical 
formulae. So, too, the category of religious experience, as 
Whetham, J Needham, and others testify {cf. my III(<f), 
2, iv). Only life, or whatever term is chosen, can account for 
the phenomena which are peculiar to organisms in general, 
animals even more so, and Man most of all {cf my Ill(i), 2). 

(iii) Driesch and modern vitalism 

In many authoritative modern works on biology and the 
history of science there is httle or no reference to the work of 
Driesch. He is not mentioned in the Histones of Locy 
(biology), or Sedgwick and Tyler (general science) This 
applies, too, to the articles m the Encyclopaedia Britannica 
(1930) on Life, Biology, and the History of Biology by the late 
Sir J. A Thomson and Dr. Singer, who has only one reference 
in his History of Biology. Radi {History of Biological Theories, 
p 363) argues that Driesch left biology for philosophy 
“before the war”, and Nordenskiold {History of Biology, 
p. 609), says the same. 

In Part 11 (d) I have shown that belief in the autonomy of 
living things never died out but was maintained by excellent 
biologists even during the zemth of mechanism. Also, 
Driesch failed to emphasise numerous evidences for vitalism, 
some of which are more apparent to an outdoor naturalist 
than to a laboratory worker {cf III(«f), i, below). ^ So I am 
unable to accept the view that Driesch is the sole author of 
modem vitalistic thought. 

But Rddl praises Driesch’s work for vitalism {op. cit., 
Ch. XXXII), though his estimate that Driesch largely 
destroyed Darwinism {ibid., p. 352) is curiously discounted 
by his later statement that Driesch really “succumbed to 

^ Professor Driesch has informed me that he analysed these in Du Maschme 
und Der Otgamsmm (Leipzig, 1935, pp 10-29) > but this paper has not been 
available m^England. 
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Darwinian ideas” {ibid , p. 370); though this is at least a 
great exaggeration Anyhow, the great facts remain that 
modern vitalism can be convcmently dated from Diicsch’s 
experiments on sea-urchin eggs in 1895, and that in his 
monumental Gifford Lectures he has given a logical disproof 
of the machine theory, based upon a mass of experimental 
work in embryology and upon behaviouristic treatment of 
human action which agrees with the findings of Bergson, 
McDougall, and other modem psychologists 

The influence of Driesch upon current biological thought 
is notable, more outstanding than that of any other single 
biologist, except perhaps T H Morgan For instance, even 
J Loeb {op at , pasnni) and J Needham {op at ), who are 
both strongly anti-vitalist, refer continually to Dricsch’s 
classical expeiiments, as does E W MacBride, ivhose outlook 
is very different {e g Introduction to Heredity, 1931, p 63 Jfy ). 
Johnstone’s Philosophy of Biology is based upon his work 
and that of Bergson (but cf III(«f), i, 1) Woodger says that 
biologists should be grateful to Driesch for dealing with 
aspects of the oigamsm omitted by other writers {Biological 
Pnnaples, pp 266-7) Merz {European Thought, 11, 455, 549) 
and Broom {Coming of Man, p 224) write with appreciauon; 
Broad, however, finds his arguments not in the least con- 
clusive {Mind and its Place in Natuie, p 58) Such authors 
refer, very properly, to Driesch by name. But his influence is 
also strongly apparent even where no acknowledgement is 
made, for instance, in Dr, J. Gray’s notable address to the 
British Association in 1933 {cf III((/), i, 111), and in Durken’s 
Experimental Analysis of Development (Ill(i), 3, v) Such 
examples could easily be multiplied. 

The debt which biology in general and vitalism in par- 
ticular owe to Driesch can be partly summarised in the 
words of a largely hostile modem critic. Dr. W. P. Wight- 
man, although he rejects entelechy, possibly because of 
incomplete appreciation of Driesch’s confused presentation 
of Its real significance {cf p. 159 above), and ^though for 
a prion reasons his own preference is for a philosophic 
monism, to which vitalism is fundamentally repugnant, 
adnuts that Driesch’s experimental results in morphogenesis 
“are such that to explam them the mechanist is driven to 
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make assertions which, in my \icw, reveal the essential 
‘silliness’ of his theory” (Science and Monism, pp 345-7, 350) 
And the same may be said of his argument Ironi human 
action, though m this a personal, experimental contribution 
is not possible as for his two first proofs. 



Ill (&).— PHILOSOPHY, PSYCHOLOGY, AND 
MODERN BIOLOGICAL THEORY 

“ Mind orders all things ” 

Anaxagoras, quoted by Fabre 
(TAe Glow-Worm), igig, p 234) 

CHAPTER I 

PHILOSOPHY 

(i) The general trend of modem philosophy, the New Realism 
Vast and often mutually destructive tomes have been and 
are being written on philosophy; weighty and discrepant 
books appear upon its history {cf B. Russell, Our Knowledge 
of the External World, p 13) A single chapter cannot sum- 
marise the first group or try to compete in the second. 
All that is attempted here is an appreciation of the effect of 
recent philosophy upon the vitahstic outlook in biology 
Whetham, in his valuable summaries of the reactions of 
science and philosophy in Chapters VI I and X of his 
History of Science, has pointed out that, “during the greater 
part of the nineteenth century, most men of science, especially 
biologists, accepted uncritically the model of nature put 
together by science as ultimate reality”; though “some of the 
physicists and philosophers were more cautious” {op cit. 
p. 316) This emphasis upon the credulity of biologists is 
admirable. Evolution, only a scientific theory for Darwin’s 
“modest mind ”, itself became a philosophy, to some almost a 
creed {cf 11(6), iv and v) ; and, though hnked with materiahst 
determinism, this “evolutionism” was for a time an optimist 
philosophy {op. at, pp. 445-6). For, “with each great ad- 
vance in science . . . the human mind, by an inevitable 
exaggeration . . tends to think that it is on the point of 
reaching a complete mechamcal explanation of the Uni- 
verse.” 

So, “at the beginning of the twentieth century,” as Whetham 

i6'4 
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continues, “the majority of men of science held unconsciously 
a naive materialism, or . . . inclined to the phenomenalism 
of Mach and Karl Pearson, or the evolutionary monism of 
Haeckel or of W. K. Clifford ” {loc. cit , and p 339) 

But philosophy has lately become more critical of, even 
hostile to, scientific naturalism 

William James advocated pragmatism: “The sole test of 
truth in a belief is whether it is useful.” This I do not accept, 
except to a very liimtcd degree. But, for what it is worth, it 
supports vitalism, for it is obviously often “useful” to regard 
men and animals as ammals, not merely as peculiar physico- 
chemical systems But, as Whetham remarks, some beliefs 
at least can be put to the tests of observation and experiment, 
although this is not strict pragmatism [ibid., p. 447) 

James Ward {Naturalism and Agnosticism, 1899), and W. R. 
Sorley {Ethics of Naturalism, 1885, 1904), criticised materialist 
ethics, concluding that “an idealist interpretation of the 
Universe is as necessary for secure ethics as for rational 
metaphysics” (Whetham, p. 339) The thought of Bergson 
is dealt with in the succeeding chapter on psychology Here 
he IS to be noted as a leader in the modern philosophy which 
opposes mechanism and, in Bergson at least, supports vitalism 
in biology Hobhouse and other philosophers at the end of 
the nineteenth century were stating the case for philosophy 
against the uncritical assumptions of the scientists, and 
gradually the scientists, or some at least, began to take notice. 

The New Realism abandons philosophic systems which 
start, like scholasticism, from some a priori theory, also 
idealism, which makes reality depend upon our thoughts, 
also phenomenalism; for it proceeds “piecemeal”, in the 
scientific way, and recognises the persistence “in some way” 
of the entities or “objects” with which sensations and mental 
concepts are allied (Whetham, p. 448). This seems to me to 
be what Bishop Barnes calls “moderate realism.” In this 
philosophy, which I accept, the results of mathematics and 
science are employed as a basis and so philosophy becomes 
linked with other knowledge {cf. Whetham, p. 449). 

An important part of this system is its treatment of logic. 
Whetham points out that some philosophers were imsled by 

H 
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the traditional deductive system of logic; but “luckily, 
informal methods of reasoning grew up among piactical men 
of science ” Whcwell emphasised the fact that the success of 
deduction depends upon its starting from the light idea; 
absence of this was the weak point in much syllogistic argu- 
ment of the formal type J M Keynes pointed out that an 
induction may approach certainty, but that it is a fallacy to 
regard each, or even any, induction as an infallible lule 
which cannot ever have an exception {Tteatise on Prob- 
ability, igai; cf. Whetham, pp 449-60) So the “laws of 
nature”, exaggerated by French mechanistic philosophers in 
the eighteenth century and unduly deprecated by Mach in 
the nineteenth, are nowadays taken in a medium way. 
And the term “law” is misleading m this connection as its 
ordinary meaning implies a “kind of moral obligation ” 

“ Laws ” established by induction are only probabilities ; the 
probability may be enormous, “but the infinite probability 
of certainty is never reached.” This result of the critical ex- 
amination of the process of mduction from Hume to Keynes 
is confirmed by certain kinds of experience, as Whetham 
points out {op at , p 460). Thus one of the foundations for 
philosophical determinism, belief in the universal validity of 
“natural laws”, is shown to be much less secure than it 
appeared to be to the materialists of the nineteenth century. 

It is important to distinguish this philosophic attack upon 
rigid determinism from the “indeterminacy” deduced by our 
leading physicist philosophers directly from modern physics, 
dealt with in Part III(c), i. The result in each case is to 
weaken the basis of materialism and so of mechanistic views 
in biology. 

(ii) A. N Whitehead ; Holism, Monism, etc 
I find, like Dr. W R Inge {God and the Astronomers, p. 1 16), 
and Dr. Wightman {Science and Monism, p. 399), that Pro- 
fessor Whitehead is difficult to follow, for, more even than 
most philosophers, he uses ordinary terms with pecuhar 
meanings. Inge also speaks with similar frankness of C. D. 
Broad; and I would include Bertrand Russell sometimes in 
the same category. But certain ideas of Whitehead’s are of 
importance here. 
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After speaking of the seventeenth-century mathematicians, 
he states that the enormous success of their scicntifac ab- 
stractions of matter and mind “foisted on to philosophy the 
task of accepting them as the most concrete rendering of 
fact. Thereby, modern philosophy has been ruined. It 
has oscillated between three extremes There are the 
duahsts, who accept matter and mind as on equal basis, and 
the two varieties of monists, those who put mind inside 
matter, and those who put matter inside imnd. But this 
juggling with abstractions can never overcome the inherent 
confusion introduced by the ascription of misplaced concreteness 
to the scientific scheme of the seventeenth century.” This 
“Fallacy of Misplaced Concreteness” is the error of “mis- 
taking the abstract for the concrete” {Science and the Modem 
World, pp 70 and 64-5) ) 

In between the nund and material of this duality, he 
continues, “there he the concepts of life, organism, function, 
instantaneous reality, intcraetion, order of nature, which 
collectively form the Achilles heel of the whole system” 
{ibtd , p 71; ^ E S, Russell, Ill(d), i, below). 

Then, aftei dealing with the failure of the idealist phil- 
osophies to make connection with “the faets of nature”, 
Whitehead stales, “A further stage of provisional realism is 
required in which the scientific scheme is recast, and founded 
upon the ultimate concept of organism” {ibid., p 80). 

“. . . the whole concept of materialism only applies to 
very abstract entities, the products of logical discernment. 
The concrete enduring entities are organisms, so that the 
plan of the whole influences the \ ery characters of the various 
subordinate orgamsms winch enter into it . . . the mental 
states enter into the plan of the total organism (in an animal) 
... an electron within a living body is different from an 
electron outside it . . .” and so on. “But the principle of 
modification . . . represents no property peculiar to living 
bodies” {ibid., pp. 98-9). 

So Whitehead opposes materiahsm. But, as the last-quoted 
sentence shows, he is not a vitalist at all Vitalism, he says, 
“is really a comproimse. It allows a free rein to mechamsm 
throughout the whole of inanimate nature, and holds that 
the mechanism is partially mitigated within, living bodies. I 
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feel that this theory is an unsatisfactory compromise The 
gap between living and dead matter is too vague and problem- 
atical to bear the weight of such an arbitrary assumption, 
which imoh'cs an essential dualism somewhere ” {ibid , p 98) 

I personally do not eare if dualism or polyism docs crop 
up in dealing with differences between parts of nature As 
Bishop Barnes says, “We have no reason to assume that . . 

all the processes of nature will be even theoretically united 
into a single coherent theory” {op cit , pp 55a seq ) Berg 
agrees with this {Nomogenesis, p 20) There is, I maintain, in 
the thought of many philosophers, a “Fallacy of Misplaced 
Simplicity”, which leads them to ascribe to Nature or the 
cosmos a monism for w'hich there is, at present at least, no 
foundation m fact B Russell and Wightman as well as 
Whitehead and others cherish this fond hope. The only 
likely approach to such a monism is that advocated by Sir 
James Jeans, among others, in which matter is a mamfesta- 
tion of mind; but this does not fuse matter and mind into one 
{The Mysterious Universe, pp 148-9) But not even the most 
devoted theoretical monist jibs at reference to protons and 
electrons, which is dualism, nor to the recent additions of 
neutrons and positive electrons, which is practical “polyism”, 
or what Broad would call “pluralism ” Jeans points out 
another duality in electrons and protons, “both exhibit a 
dual nature” as particles and wavicles {ibid, pp 39, 43) 
So I cannot appreciate why such a sturdy thinker as Professor 
Whitehead should regard “dualism somewhere” as an 
objection to admitting the reality of the difference between a 
live organism and non-living nature Broad illustrates the 
difficulties that crop up if a fetish is made of monism or any 
other numerical -ism in the first chapter of his great book on 
Mind. 

“Science,” Whitehead contmues, “is teiking on a new 
aspect . . . neither purely physical nor purely biological. . . . 
Biology is the study of the larger orgamsms; physics is the 
study of the smaller organisms” {ibid., p 129). But the 
macrocosm which really corresponds to, say, a molecule is 
not a Man, or even a be2ist, but a star or a galaxy. So 
vitalistic biologists can only admit Whitehead’s idea of 
orgamsm to a very limited degree. They see analogy, not 



PHILOSOPHY 


169 

homology, between the unity of a molecule and that of a 
tree or a tiger They prefer to use “ organism ” in its ordinary, 
restricted, scientific meaning, and such a term as “whole” 
for the unities which Smuts, Whitehead, and others have 
emphasised in all sorts of natural entities from atoms up to 
galaxies and Man. 

Biologists can, however, agree with Whitehead about 
“the event as the ultimate umt of natural occurrence”, and 
that “colours, sounds, scents, arc required for nature and are 
not emergent from it” {ibtd , p. 129). As Whetham says, 
“By the light of the new realism, which he himself has done 
much to formulate, Whitehead takes much the same view 
as Moore and Broad, and seems to restore to us a scientific 
theory of the world of beauty and moral values” {History of 
Science, p 479; cf my III((i), 2). 

“Holism” is expounded by General J. G Smuts, F R.S., 
in Holism and Evolution and in various articles, and this 
theory is popularly associated with him. General Smuts 
himself is hostile to Driesch’s entelechy {op. cit , pp. 17 1-2) 
and to any speafic idea of a life-force; and though he mildly 
sympathises with a general Autahstic outlook {ibid , p. 160) 
he regards vitalism and mechanism as both very inadequate. 
But the idea of wholeness is also prominent in Whitehead’s 
philosophy; Smuts and he published their books together in 
1926; and, after Smuts presided at the British Association 
Centenary in 1931, it was favourably mentioned by many 
eminent scientists before that Association in 1933 and 1934 
{vide III (fi?) , 1 , for discussion of wholeness in biology) . So the 
concept of Wholes is undoubtedly significant in modern 
scientific thought; and, though I reject the assumption, 
expliat in Whitehead and partly so in Smuts, that physical 
and biological units are homologous, the central idea that a 
whole is not exphcable in terms of its separate parts accords 
well with the vitalistic position summarised in my Ill(rf), 2. 

There remains neutral monism. The leading exponent of 
this theory, which holds that matter and thought are both 
forms of a single, assuredly very tenuous substance, is the 
present Lord Russell, who writes “Mind and matter are 
for certam purposes convement terms, but are not ultimate 
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realities. Electrons and protons, like the soul, arc logical 
fictions” {What I Believe,^cg 3 LD.'Pdi\A, 1925, p. 17; quoted by 
Streeter, Reality, p 17). 

On imperial and educational matters, in which I have 
not inconsiderable experience, I can only regard Bertrand 
Russell, as he often styles himself, as an unduly pessimistic 
and extremely unsound authority, and, for these reasons, I 
admit that I view with suspicion his pronouncements upon 
philosophical affairs Canon Streeter is certainly right in 
commenting on the passage just quoted that, anyhow, “The 
‘soul’ stands for an element in Reality which can frame 
theories about electrons and protons.” 

But elsewhere B Russell admits that, even on the deter- 
minist theory, “Free-will . is true in the only form which 
is important” {Our Knowledge of the External World, p. 236). 
If, then, “mind and matter are both composed of something 
moie piimitive, which is neither mental nor material” 
(Whetham, p. 474), as neutral monism teaches, again we 
find a modern philosophical theory which definitely opposes 
mechanism except as a limited logical system based upon 
“fictions” Also, the vitahstic argument from human per- 
sonality is allowed as relatively “true ” 

I do not employ these as vitalistic arguments myself, for 
I hold with McDougall (Ch 2, v, below) that the neutral 
momsm idea is qiute wrong, and so, therefore, are the notions 
founded upon it As Woodger says, “the desire for monism” 
always operates against vitalism; though “vitahsm cannot 
be refuted merely by ‘expressing your feelings’” {Biological 
Principles, p 205). 

If monism seems indicated to any person from his re- 
searches in science and philosophy, he is, pf course, right in 
proclaiming it; but too often “the desire for monism” 
seems to me to be a “last infirmity of (moderately) noble 
minds”, which, abandoning other “idols”, nevertheless 
worship an a priori assumption similar to Oken’s spherical 
“AH” {cf. Woodger, op. at., p. 458). 

(iii) Emergent Evolution and Vitalism; Teleology; J. S. Haldane. 

The term “emergent” was suggested by G. H. Lewes 
{Problems of Life and Mind, 1875) anythmg of which the 
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nature cannot be foretold from knowledge of its constituents 
as they exist prior to the emergence. Emergence is now a 
fairly influential school of modern philosophy or ontology, 
closely alhed but precedent to Hohsm. Its chief exponents 
are S. Alexander {Space, Time and Deity, 1920), G Lloyd 
Morgan {Emergent Evolution, 1923), and G. D. Broad 
{Mind and its Place in Nature, 1929) As Professor Wolf 
admirably sums up, like Bergson in his Creative Evolution, 
they emphasise the “originality of natural events and the 
utter impossibility of predicting the character of most 
results from a mere knowledge of the laws of matter 
and motion; especially so in the case of vital phenomena 
and the higher activities of human beings” (E.B., 15, 

333b). 

Lloyd Morgan’s Emergent Evolution is well criticised by 
Woodger {Biological Principles, pp 105-10, 118 seq)‘, though 
Morgan admits the need for an adequate theory of knowledge, 
his beliefs in God, an external world, and other matters, are 
insecurely based on what he calls “acknowledgement.” 
His scheme also involves many other peculiar ideas and 
phrases, and I share Woodgcr’s uncertainty of comprehen- 
sion of a theory which seems to assert mainly that evolution 
consists of a senes of events that are not understood {cf. 
Woodger, p no) 

As applied to the problems of biology this theory is 
termed Emergent Vitalism, in contradistinction to the “sub- 
stantival” vitalism of Driesch, as by Broad, whose reasons for 
rejecting Driesch’s arguments appear to me quite inadequate 
{op. cit., p. 58). But as the same principle is applied to the 
diflFerences found in morgamc nature, such as those between 
electrons, atoms, and molecules, it lies outside the succession 
of vitalistic behefs which have regarded living things as 
radically distinct from all other kinds of matter, and so 
receives but brief mention in this history. Emergent vitalism 
as outlined by Broad (ifiirf., pp. 58, 67-9, etc.) is mere 
supposition, and seems to me to conflict hopelessly with 
such facts as biogenesis (11(c), lu) and entropy resistance 

ime), i, ii). 

But, whatever criticisms may be made about the details 
of emergent evolution, it is certainly another of the modern 
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systems of philosophy which makes a complete break with 
“mechanism” {eg Broad, tbid , Ch II, passim-, Woodger, 
p. 324) And I do not see why some form of emergence as 
regards inorganic nature might not be held in combination 
with such a general form of ordinary vitalism as that outlined 
in my concluding chapter. 

“Teleology” requires some brief notice, for it is referred 
to in most works upon biological theories {cf. Woodger, 
op at , p 429) . As a general interpretation of phenomena 
which attributes purposiveness to Nature it is of great 
interest and importance for ontology and theology But 
vitalism is a biological problem and teleology, strictly speak- 
ing, a purely metaphysical one; so the metaphysical belief, 
which I happen to hold, is no argument for the truth of the 
scientific theory On the other hand. The Fitness of the 
Environment, to quote the title of L Henderson’s book, is, 
to put it mildly, no argument against vitalism, though 
its author tried hard to make it so {cf II(i), iv, Haeckel, 
and II((f),u). 

But the term teleology can also be used in a narrower 
sense, concerning organisms This is Driesch’s attitude in his 
History of Vitalism (“Critical Introduction,” and p 176 seq ) 
Though he is careful to speeik of teleology in organisms as an 
analogy only, he contrasts dynamic or vitalistic teleology 
with the static or mechanistic variety But in his Gifford 
Lectures he avoids this phraseology {op. at , pp. 243-4; 
cf III (a), li, above). And Broad, for all his rejection of 
Driesch’s arguments, agrees that organisms display “internal 
teleology” {op. at., p. 81 seq) Professor Boycott thinks 
teleology is admissible in biology and holds strong vitalist 
views {Proc. Royal Soc. Med,, Vol. 23). 

Woodger gives examples of teleological descriptions of 
biological matters by Starling, Sherrington, J. S. Haldane, 
and E B. Wilson, and discusses the ambiguities involved in 
this procedure {tbid., pp. 429-36). But, as his excellent sum- 
mary shows, vitalism and mechanism are the only two types 
of theoretical biology yet devised and both involve the 
analogy of a humanly constructed machine. Vitahsm allows 
for a mechanic. Mechanism forgets that a mechamc is 
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essential and only achieves being materialistic by omitting the 
“psychological origin” of the machine {ibid , pp 440-41; 
cf pp 451-3, also Berg’s criticism of Loeb, p loi above). 
Woodger’s conclusion is, hke that of Dricsch, obviously 
vitalistic. 

J S Haldane (English 1860-1936) — K mining engineer, 
a biologist, and a philosopher, the late J. S Haldane defies 
classification; but it seems best, on the whole, to consider his 
contribution to the vitalistic controversy here His principal 
publications on biological subjects are Essays in Philosophical 
Criticism, 1883, Mechanism, Life and Personality, 1913, The 
New Physiology, 1919. In 1908, when mechanistic views were 
strongly prevalent in biology, he addressed the Physiology 
Section of the British Association and advocated a strongly 
vitalistic view of the living orgamsm and its essential pro- 
perties such as heredity as “axiomatic ” The problem of 
physiology was to discover the relatedness of details of 
structure and activity in the organism as expressions of its 
unity As a young man in 1885 he prophesied boldly that 
if “one of the two sciences [Biology and Physical Science] is 
swallowed up, that one will not be Biology ” Sir F G. 
Hopkins, then President of the Royal Society, has lately 
criticised this view as contaimng an a prion element, which 
would hinder the advances achieved in such fields as that of 
biochemistry {Advancement of Science, 1933, p 16). But with 
all due respect to the scientific genius and the studious fair- 
ness of Sir Gowland Hopkins, I venture to think that Hal- 
dane’s insistence upon the autonomy of life was a valuable 
contribution to biological thought in days when the opinion 
that biology was “nothing but” physics and chemistry was 
commoner than it is now 

Woodger has pointed out that critics such as F. H. A. 
Marshall and D’Arcy Thompson misunderstood Haldane 
and so misrepresented his ideas and criticised them un- 
reasonably. Haldane was asking physiologists to abandon 
their naive materialism, not their methods of mvestiga- 
tion, which, indeed, he used himself {ibid., pp. 242-8) 
For such methods are quite compatible with Haldane’s 
behef that “the inner nature of reality involves an mtegra- 
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tion, especially manifested in living things” (Whetham, 
p. 471). 

(iv) Epistemology: Naive and Critical Realism; the Vitalistic 
Conclusion 

“It is only within a comparatively recent period that 
epistemology has come to be recognised as a distinct depart- 
ment of philosophical enquiry ” The term appears to have 
been first employed by Ferrier, who divided philosophy into 
two — epistemology, the theory of knowledge; and ontology, 
the science of what “truly is” {Institutes of Metaphysics, 1854; 
cf. G. D. Hicks, EB, 13, 448) But logically, though not 
historically, epistemology comes first, before entology, before 
the study of science or indeed of any other branch of 
enquiry. 

The distinction between psychology and epistemology 
needs to be borne in mind, though the two arc closely 
connected. Briefly stated, psychology studies the “sub- 
jective aspect of knowledge”; knowing, among other 
mental activities, as “a condition of the individual mind” 
can be examined introspectivcly and experimentally [cf, next 
chapter) , Epistemology is concerned with the significance of 
what IS known, or thought to be known As Hicks puts it: 
“When and where can we be reasonably assured that our 
representation of the real is true^” (E B , 13, 449a). 

Bishop Barnes has summarised the impact of epistemology 
upon scientific thought very clearly. Naive realism — the 
idea that things are what they seem to us to be — has been 
accepted by us all at one time; and, it may be added, is 
employed in daily life by us all still with usefulness. Physical 
realism is a step forward ; electrons, protons, and so forth are 
taken to be “real”, as indeed they are in a fashion; yet this is 
only “the uncritical metaphysics of the trained man of 
science.” Critical realism holds that reality is not normally 
or necessarily identified with any of our “constructs”; this 
corresponds with Kant’s distinction between things as per- 
ceived by us and “ things-in-themselves.” “The average man 
of science has an instinctive dislike of metaphysics; he is 
irritated by the suggestion that his own assumptions, which 
seem to him so entirely reasonable, may not be able to 
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survive critical examination” [Scientific Theory and Religion, 
P- 552 seq ) 

As Whetham saysj only in the twentieth century was it 
gradually realised that" philosophical materiahsm . . . cannot 
explain consciousness or stand for a moment against critical 
analysis” (op. at., p. 330). 

This philosophic criticism, as I understand it, may be used 
to discredit, or at least to throw doubt upon, any scientific 
theory. But, principally, it destroys the validity of the deter- 
minist and mechanistic view of nature, which has ruled 
science, including the beliefs of many biologists, since the 
days of Newton and, especially, Darwin; though neither of 
those very great men can be held personally responsible. 

For this criticism, like the scientific edifices of fact and 
theory which it seeks to regulate, is the product of the mind 
of Man [cf. next chapter, sec. m, for evidence that "imnd” 
is a fundamental “existent”) As Hobhouse has said, all 
knowledge, of external things, causal relations, and so on, is 
mental; we have no absolute knowledge of external things 
[Theoiy of Knowledge, p 531); though there is “a (external) 
content present to an inward state” [ibid , p. 537). Mech- 
anism, though essential from one aspect, is useless from that 
of the world whole [ibid , p. 581-2). But this mind is con- 
nected with the human body, which is related to the bodies 
of animals, even of plants in many respects , and its knowledge 
of external things is limited according to J Muller’s principle 
of specific nervous energy [cf. II (a), lii). Therefore a valid 
theory of the science of organisms must take account of the 
science and metaphysics by which it is itself elaborated and 
regulated. Therefore biological science cannot be mechan- 
istic, but must be vitahstic, using this term in a broad sense 
[cf. Ill(d), 2, and Ch. 2, v, below). 

This I term the epistemological argument (in(d), 2, iv). 



CHAPTER 2 


PSYCHOLOGY 

(i) Introductory; epiphenomenalism ; psycho-physical parallelism; 
behaviourism. 

As Whetham says {History of Science^ pp. 323-8), there are 
two ways of studying the mind of man, the rational and 
the empiric. The former works deductively, starting from 
some metaphysical system such as Roman Cathohe scholas- 
ticism or German materialism. The latter assumes no 
a priori position but progresses inductively, using, broadly 
speaking, two methods, introspection for one’s own mental 
processes, observation and experiment on the minds of others 
and ourselves. It is therefore more truly “rational” than the 
first way; begun in Britain and France before the nineteenth 
century, it soon ousted the older one in all civilised countries. 
E. H Weber of Leipzig may be considered the founder of 
experimental psychology, though the term was first used by 
Fechner in i860; Bcneke, 1833, Lotze, 1852, and Wundt 
were among the pioneers {cf Merz. European Thought, li, 
pp. 508-20) 

Darwin, with The Expression of the Emotions in Man and 
Animals, commenced the tilluring but difficult branch of 
comparative psychology. It is well to emphasise its difficulty 
in connection with the history of vitalism; for its exposition 
has varied from crude anthropomorphism, applied to lowly 
animals and even plants — eg. “roots seek this; Paramecia 
dishke that”, and so on, to the fatuous mechanism which 
would account for all the apparently moral and intelligent 
behaviour of birds, Primates, dogs, and similar animals in 
terms of physics and chemistry {cf. II (i), iv, Loeb, etc., and 
“behaviourism” below). Broadly speaking, I consider that 
a tolerably accurate outlook on this fascinating question, 
still far from complete solution, is given by the organism 
concept discussed in Part Ill(d), i. Always, however, there 
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remains the difficulty that, though through books, inscrip- 
tions, ceremonies, and conversation we can obtain direct 
interpretation of the thoughts of other persons, varying of 
course with their ability to express them and our ability to 
understand that expression, no such expression is possible 
from animals. They use and we can interpret actions and 
signs; some birds and higher mammals have different 
sounds and calls which undoubtedly express different emo- 
tions, and we can accept the statements of various authors 
that apes and monkeys go a httle further than other brutes 
towards the rudiments of language Yet, here as elsewhere, 
the vast gap between the highest beast and the most simple 
of mankind, which Darwin always admitted, is tremend- 
ously apparent. So all further references to psychology in 
the present work arc to human psychology {cf Woodger, 
pp. 460-61) 

Largely owing to the influence of Darwinism, the general 
trend of psychology fi om about 1 860 to 1 900 was undoubtedly 
mechamstic {vide 11 ( 6 ), iv). Comparative psychology seemed 
to bring the human mind and spirit into the realm of deter- 
ministic animal psychology, for an explanation of instinct was 
supplied in the Origin (Ch 7), and Darwin indicated in the 
first paragraphs that he saw no sharp line between instinct and 
“judgement or reason ” Experimental human psychology 
supplied explanations in the scientific style for reactions 
which seemed formerly to be obscurely and entirely 
mental”; and the great contemporary advance m general 
and nervous physiology had a similar effect, thus blending 
with the current materiahstic philosophy {cf Ch i, 1, 
above). 

Applied to general psychology, this resulted in a revival 
of the epiphenomenaiism of Cabanis by T. H. Huxley 
{Science and Culture, i88i), and, earlier, by Vogt and others 
{cf. 11 ( 6 ), v). According to this theory the essential thing is 
the physical, brain, change; all mental states or events are 
epiphenomena to this {cf. Woodger, p 54) This, Whetham 
says mildly, is “crude and unsatisfying; but it serves to focus 
the greatest problem which psychology hands over to 
philosophy” {op. cit , p. 328). 

Bishop Barnes discusses this difficulty {Scientific Theory and 
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Religion, pp. 581-7), and rightly points out that a theory 
which ignores or relegates to the trivial the fundamental 
experience of will and existence must be wrong Yet he 
admits that we remain wholly ignorant concerning the cor- 
relation between mind and brain Epiphenomcnalism, an 
epiphenomenon of the phenomenon of mechamstic biology, 
is, of course, wholly mechanistic Other grounds for rejecting 
it with Bergson and McDougall are given below in section 111. 

But towaids the end of the century a psychology developed 
which was anti-mechanistic W. Wundt, who opened the 
first psychological laboratory in 1879, and W James, whose 
Principles of Psychology was published in 1890, were among 
those who promoted the independence of psychology as 
“the Science of Mental Life” (James), which investigates 
“internal experience” (Wundt), (Woodworth, op cit , 
pp. 8-9). The evolution from mechanism to mind is also 
seen in H Munsterberg, while James Waid, F H Bradley, 
Dawes Hicks, and G. F. Stout contributed to the ‘ ciitical 
rejection of the ‘mosaic psychology ’ ” This mechanistic 
psychology was dominant at the end of tlic nineteenth cen- 
tury, especially m Germany; it represented thinking as a 
“stream of consaousness ”, composed of discrete “atoms of 
sensation”, and was allied with that view that mental pro- 
cesses are explicable in terms of brain structure and changes 
which Head and Bergson have shown to be dubious or even 
incorrect. The modern German Gestalt school, with its 
emphasis on wholeness in perception, also contiibutcs to the 
psychology represented by McDougall {Outline of Psychology, 
prefaces and Ch. I; cf Woodworth, Ch. IV, and sec iii 
below). 

Psycho-physical parallelism, unlike epiphenomcnalism, 
assumes independence as well as parallelism in both physical 
changes in the brain and corresponding states or events in 
the mind. It is not, most probably cannot be, proved that 
every small brain change must be accompanied by a thought, 
nor that every mental change, as, for example, m “day- 
dreaming”, involves a physical reaction in the brain {cf 
Woodger, p. 467, Driesch, p 309) But many such pheno- 
mena are certainly paired; changes occur in the nervous 
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system, often accompanied by others in muscles or glands, 
and simultaneously corresponding ideas and images arise in 
the mind {cf Bergson, Creative Evolution, p. 276, etc ). 

“Germs” of psycho-physical parallelism arc found in 
Spinoza, Leibniz, Weber, and Wundt {cf. Whetham, p 327), 
and its primary root lies in the dualism of Descartes {cf. 
Whitehead, Science and the Modem World, p. 241). But 
Fechner (1801-87) was perhaps the chief exponent of a 
doctrine which “many psychologists adopted ... as the 
working hypothesis m psychology” (E.B., 17, 755d). It 
is certainly useful for physiologists and psychologists to be 
able to “go ahead” in their respective spheres without 
having to consider possible restrictions from the other. 
But though this is convenient practically it is not wholly 
adequate Mental states are certainly affected by the con- 
dition of the body, by fatigue, good health, absorption of 
alcohol, poisons, and so on, while the evidence to show that 
mental or spiritual states affect the body is overwhelmingly 
strong. For example, sleep and digestion are often improved 
when mental worry, for instance over financial troubles, is 
removed. 

As far as I am aware, this theory has been applied to Man 
only, never to animals Its bearing on vitahsm is therefore 
limited; but it perimts mental autonomy for Man and 
therefore opposes mechanism to some extent. 

In the twentieth century various psychological schools 
have arisen; those which seem to affect vitalism require 
consideration. 

“Behaviourism”, which is not to be confused with the 
study of normal animal behaviour by E. S. Russell and other 
modem zoologists as considered in Ill(d), i, below, is a form 
of “animal psychology”, based, J B Watson claims, upon 
Lloyd Morgan’s Animal Behaviour (1900), but developed 
mainly in the United States by Watson and others, his first 
papers on this attempted approach to psychology having 
appeared in 19 13-14. It claims that psychology and be- 
haviour can be studied like physics, biology, and other 
sciences; the method is to reduce all phenomena to a 
stimulus-response formula, so that sensation, will, conscious- 
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ness and other familiar psychological terms disappear; the 
good behaviourist finds no need for their employment The 
abolition of consciousness is m marked contrast to modem 
ideas in epistemology {cf Gh. i, iv, above), but not more so 
perhaps than other aspects of behaviourism are to normal 
biological theory A long, discriimnating account is given 
by R S Woodworth in Contemporary Schools of Psychology 
(Ch. Ill) 

The whole theory is anti-vitalistic, and I agree with 
McDougall’s description of it as “a most misshapen and 
beggarly dwarf” {Outline of Psychology, p ix), its method, 
howeier, is appreciated by Driesch {Science and Philosophy 
of the Organism, p 203) 

(ii) Psycho-analysis, and C. G. Jung. 

The Concise Oxford Dictionary defines psycho-analysis as “ the 
psychology of Freud, Jung and Adler ”... but here I use 
it for the typical doctrines of Freud I am not concerned with 
psycho-analysis practised as a method, its original meaning 
according to Freud {Problem of Lay-Analysis, p 315) But as 
an influential modern psychology, for and against which a 
mass of literature has been produced, it calls for some 
notice The essence of Freud’s teaching can be gathered 
from The Interpretation of Dreams, an early work, and The 
Problem of Lay-Analysis (Brentano, 1927) This Austrian Jew 
is not only the father of this form of psycho-analysis, but its 
most prominent exponent, for Adler and Jung have parted 
company with him on many important points. 

A concise summary of psycho-analysis according to Freud 
and his disciples is given by their British leader. Dr E Jones, 
in Benn’s Sixpenny Series (1928) Here wc learn that it 
has application to Medicine, Education, Anthropology, 
Sociology, Art, Literature, Criminology, Mythology, Re- 
ligion, and apparently every branch of human activity except 
Science. But it concerns human mentality and actions and 
so has a bearing upon vitalism. The “censor” sounds vital- 
istic; but the whole collection of postulates and ideas which 
make up Freud’s theory are based upon presumed precocious 
and perverted sexuality, notably the “famous (Edipus 
complex.” “By the truth of this finding psycho-analysis 
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stands or falls,” Jones says (p. 36); and I hold that it falls 
and falls heavily 

Dean Inge has well said that if Freudism be accepted as a 
philosophy the world’s great teachers, from Plato and Christ 
onwards, must be abandoned. An, in many ways, adimrable 
medico-scientific criticism of Freudism was made in 1924 by 
Dr. P. McBride in Psycho-Analysts Analysed (Heinemann). 
Jung’s deadly criticism of Freud’s self-exposure is quoted 
below; with this I agree. We must also agree with McDougall 
that no system of psychology — or philosophy — should be 
founded on the abnormal; and Freud’s own works show that 
his theory has been largely based upon experience with 
hysterical girls and neurotic persons of loose morals and 
aimless life. 

A sound criticism of Freudism is given by McDougall in 
Soaal Psychology (Supplementary Ch. II). He shows that 
Freudians mistake manifestations of various kinds of affec- 
tion and love as though sex-love were the only sort of affec- 
tionate emotion, which it certainly is not. McDougall 
thinks that the CEdipus complex may possibly be true for a 
minority, and he accepts, as doubtless we all do, the valuable 
idea of “sublimation”, though the thing, if not that precise 
title, was known long before psycho-analysis arose. But on 
the whole, he rejects Freud’s teaching for normal persons, 
for many admirably stated reasons; though he considers that 
Freud has rendered great services to psychology. 

Non tall auxilio therefore is the attitude to be adopted as 
regards any justification of vitalism from this quarter. 

A refreshing change from the, to my mind, preposterous 
and disgusting dogmatism of Freud and E. Jones is found in 
the latest book by Freud’s former colleague. Dr. C. G. Jung 
(Swiss ; 1875- ), Modern Man in Search of a Soul (Eng. trans., 

Kegan Paul, 1933). He thinks it best to abandon the claim 
that we can make statements about “the psyche” that are 
“true” or “correct”; all we know at present is what a few 
individuals say that they have found within themselves, and 
“the form in which they have cast it is sometimes adequate 
and sometimes not ” “What Freud has to say about 
sexuality . . . incest and the like can be taken as the truest 
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expression of his own psychic make-up . . . had he critically 
examined his own assumptions, he would never have put his 
peculiar mental disposition naively on view, as he has done 
in The Into prciation of Dreams^' [op. at , pp, 133-5). 

Jung points out Freud’s inability to understand religious 
experience, and prefers “to look at man in the light of what 
in him is healthy and sound . . Every psychology — my own 
included — ^has the character of a subjective confession” 
{ibid, pp 135-6) He attributes a positive value to all 
religions and to biology and to scientific empiricism in 
general “In my picture of the world there is a vast outer 
realm and an equally vast iimer realm; between these two 
stands man . . /’{ibid , p 137) 

His Chapter IX has also many good things, including a 
vivid criticism of the falsity of materialism and its attempted 
explanation of the spirit of Man as an epiphcnomenal growth 
from matter {tbtd , p 204) He secs no absurdity in the idea 
that the “soul” lives in a realm beyond the body (ibid, 
p. 213).^ Neither naturalistic nor spiritual interpretation 
alone is adequate for psychology “ More than a few suicides 
in the course of psycho-therapeutic treatment can be laid at 
the door of such mistakes” {ibid , pp 217-18), “ . the 

really modem man is often to be found among those who call 
themselves old-fashioned ” {ibid, p 227) 

There is much else in the book with which I heartily dis- 
agree; but much of the later part (Chs X and XI) can be 
put down to the effects of w^ar and post-war upheavals upon 
a thoughtful man who for long had wandered in tortuous and 
uncertain intellectual paths. Here it is sufficient to note that 
the second leader in the psycho-analytical school has reverted 
to behef in the autonomy and independence of the human 
spirit, a view which stultifies mechanism as adequate for 
the science of human life and so at least keeps the door open 
for vitalism in general biology. 

(lii) The Main Stream; Bergson; McDougall; Nunn and the 
Hormic Theory. 

It IS now necessary to consider the main or empiric 

1 Cf Driesch “Mind and body are two different entities which are in 
interaction throughout a man’s life ’’ (297, The Great Design, Duckworth, 1934). 
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stream of modem psychological thought, and for this Bergson 
and McDougall may be taken as representative. 

H Bergson (Anglo-Jewish, though naturalised in France: 
1859- ) His views on psychology are represented in 

Matter and Memory ^ based on the fifth edition (1908) of 
Mahire et Memoire and revised by Bergson himself 

“This book affirms the reality of spirit and the reality of 
matter” and “is, then, frankly dualistic” (Introd , p. vii). 
His standpoint is actually that of “moderate” or “new” 
realism {cf Ch i above) Objects as perceived by a human 
being he terms “images” {ibid , pp vii-viii), which of course 
is not the usual psychological use of that word. 

The book consists of four chapters (298 pages), a “Sum- 
mary and Conclusion” (34 pages) and an Introduction 
(ii pages). There is too much repetition, and m many 
places the translation at least is difficult to follow Opposition 
views arc frequently stated and criticised and Bergson's 
views given m the same paragraph; sentences are often in- 
volved, with different subjects for different clauses; when a 
relative pronoun occurs, it is often hard to see which ante- 
cedent It apphes to; so an effort is often required to discover 
which theory is referred to in a particular sentence. 

There are, too, very few concrete illustrations, and this 
detracts considerably from the value of the book, and those 
given are much loo elementary. For example, “action” is 
an essential element m Bergson’s treatment of his subj'ect 
(e g. in Ch I) . “Our body is an instrument of action and of 
action only ” {ibid , p 299) ; it stores up the action of the past 
in the form of motor contrivances {ibid , p 87); further, “of 
my past, that alone becomes image and consequently 
sensation, at least nascent, which can collaborate in that 
action . . . Memory actuahsed in an image differs, then, 
profoundly from pure memory”... “Pure memory is 
radically powerless” {ibid., pp. 180-81). On page 206 he 
illustrates this by reference to ammals; grass attracts 
herbivorous animals, whose immediate data are its colour 
and smell. But what of Man, or rather of different kinds 
of men? 

The sight of a rabbit affects different men m different ways. 
Yet the only one that Bergson seems to consider is the elemen- 
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tary reaction of a sportsman or a famished person who 
reacts to this spectacle, as a carnivorous animal would, by 
bodily movements aimed at killing or capturing the rabbit 
But a \egctarian poet ivill behave quite differently, at least 
if he is well nourished , he may merely watch the rabbit or 
start a tram of meditation. So too the evolutionist or 
naturalist A child will probably clap its hands with pleasure 
and slightly alarm the “ bunny ” An economist will normally 
make no movement but may begin a mental process of re- 
flection on rabbits as food for growing populations. And so 
forth. Many philosophers consider only the reactions of the 
poet, the zoologist, or the economist; but that is no reason 
why Bergson’s argument should apparently be based only on 
the more elemental responses of the shooter, the famished 
one, or the carnivore. This assumption that “action” of 
some sort is the basis for human activity, as for that of “living 
matter, in its simplest form” {ibid , p 67), is for me the most 
dubious part of Bergson’s aigument And it seems un- 
necessary if, as he says and I belies e, spirit is an independent 
reality. 

“We pass,” he states, . . “from recollections to the move- 
ments which mdicatc their nascent or possible action in space ” 
{ibid , p 88) He gives one illustration for this — the process 
of learning a lesson by heart; and the “action” m this case 
is said to be “all the articulatory movements that are 
necessary” even if the lesson is only repeated mentally 
{ibid,p.Qi) This I find very feeble Why could he not dis- 
cuss hus own thought-processes and show how they are 
correlated with “action”? Children of Malay, negro and 
various less developed races do no doubt learn lessons in this 
way; too much so indeed. But I myself have often learnt 
scientific names for plants and animals from books with the 
uncomfoi table feehng that if I had to pronounce them before 
a scientific meeting they might sound queerly, because I 
have often had no need to speak them aloud or consider their 
conventional sound. 

But, Bergson also says, while the past may survive in motor 
mechanisms so that “the recognition of a present object is 
affected by movements when it proceeds from the object”, 
there are also “independent recollections”, and recognition 
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of an object is “by rcpicscntations when it issues from the 
subject” [ibid , p. 87). 

The general conclusion of the first three chapters is that 
the body (le. of Man) is “always tuned towards action” 
and so limits “the life of the spirit ” This Bergson considers 
“appears to be the fundamental law of our psychical life” 
[ibid., pp. 233-4). 

He then discusses the metaphysical pioblcm of “the 
union of soul and body ” The term “soul”, wc note, is not 
defined. He usually speaks of “spiiit” and “matter ” Pure 
perception places us within matter, which exists independ- 
ently of the thinker or obsen'er ; while by or through memory 
wc “penetrate” “into spirit” Introspection reveals both 
the union of matter and spirit and also their distinction 
{ibid., pp 234-5) 

Books have been wiittcn on Bergson’s philosophy and it is 
not my object to try to compete with them in this short 
notice. What matters here is that one of the most influential 
and independent of modem philosophers believes, and gives 
good reason for bchc\mg, in spirit as well as in matter or 
physical organisms For him thought is no cpiphcnomenon 
or “secretion of the brain ” Human life has an independent 
spiritual element, and cannot be explained entirely by 
chemical and ph) sical forces The cerebral eortex does not 
store or secrete mcmoiies or memory-images, as materialists 
believe {ibid , pp. 81-2, 88, 132, 231, ete ) So whatever may 
be true of animals, especially of the simpler ones, Man at 
least must be dealt with on vitalistic lines This, in my 
opinion, Bergson demonstrates. And if for one mammalian 
species some sort of vitalistic hypothesis is essential, vitalistic 
doctrine may be the only correct one for other animals too, 
even though we agree with Bergson, as I consider wc should, 
that there appears to be a spiritual or psychical gulf betivecn 
Man and all the brutes of whose sensory-motor functions wc 
have any knowledge {c/. op. cit., pp. 93-4, 234; and in{d), 2, 
iv, below). 

W McDougall (British: 1871- ). — In the two prefaces 
and Chapter I of his Outline of Psychology (Methuen, 4th edn., 
1928) McDougall gives an able historical review of the con- 
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flicting theories which make some scientists wonder whether 
psychology is really a science; or, if it is, which of the many 
contradictory psychologies is the science and which arc the 
equivalents of alchemy and astrology Thus McDougall 
himself only claims that his mature hypotheses are “crude 
foundations” for psychology, a modesty similar to that of 
Jung in his later mood McDougall started by regarding it as 
a science which could be dealt mth by the methods of 
physical science, and his adoption of a vitahstic outlook is 
significant. Setting details aside, he points out “two prin- 
cipal alternative routes” for the student “(i) that of 
mechamstic science, which interprets all its processes as 
mechanical sequences of cause and effect, and (2) that of 
the sciences of mind, for which purposive striving is a funda- 
mental category . . radically different from mechanical 
sequence ” The latter method is now his own, and it agrees 
admirably with the general modern trend towards autonomy 
in biology as seen in Dnesch, Darken, E S. Russell, and 
others {cf Ill(a), and Chapter 3 following) 

He points out the danger arising from the tendency to 
“reify” all objects that can be denoted by a word of sub- 
stantival form, which has led many psychologists to think of 
thinking as though it were a “stuff” , hence came the develop- 
ment by B Russell and others of the idea that even the obj'ects 
of nature may consist of the same “material”, a view which 
McDougall rightly terms fantastic {ibid., pp. 16-19). A 
vigorous criticism of “idea psychology” and the allied 
“mechanical reflex theory” follows, which shows the falsity 
of epiphenomenalism. The objections to the Reflex Theory 
are that it depends upon two assumptions . one that mechan- 
istic physiology will eventually be able to explain organisms 
in terms of chemistry and physics; the other that it will be 
able to account for the relations between the facts of experi- 
ence and the facts of behaviour. The unlikelihood of these 
assumptions being true is well and temperately indicated 
{ibid., pp. 30-34). 

By “acceptable hypotheses” he means working hypo- 
theses which claim merely to be useful for the present, not 
ultimately true; and he considers the “old-fashioned” word 
“mind” suitable for the something which finds expression 
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in (i) the modes of individual experience, and (2) those of 
bodily activity which constitute bchavioui Mind, he thinks, 
has the same nature, whether in animals, men, or super- 
human bcingsi but Its “strucluic”, which, of course, is not 
material, varies in each individual. To substitute for this the 
brain limits freedom of thought, “ties us down to one kind of 
explanation”, and is apt to bhnd us to facts of observation 
and bias our interpretation of facts But correlation between 
psychology and physiology is useful, and as much as possible 
should be interpreted in terms of nervous structure and func- 
tion {cf. III(i/), 2). He agrees with Whetham as to the 
methods of “empiric” psychology [cf sec i above). 

Experience is a process, and implies a subject; this hypo- 
thesis IS indispensable. “Purposive action is the most 
fundamental category of psychology” [ibid ^ p. 51), and 
free-will is not an illusion [ibid , p 447) 

In Chapters II-IV he treats behaviour in the lower 
animals from the standpoint of E. S Russell, which seems to 
me the reasonable one [cf III(</), i) Tribute is also paid 
to the classic researches of Fabre Tiopism McDougall finds a 
“valid principle”, but quite inadequate as a total explana- 
tion for ammal behaviour on mechanistic lines His critici- 
cisms of Thomdyke’s experiments are identical with those of 
E. S. Russell, namely, that they are too compheated for the 
animals and the conditions arc unnatural His criticisms of 
Loeb’s theories seem to me unanswerable [cf my 11 ( 6 ), iv), 
and his neglect of Semon’s Mneme theory justified [cf 
Ch. 3, li, below). 

While he has much in common with Bergson, he avoids 
the “master problem . . of the relation of mind to matter, 
of soul to body”, only insisting that purposive action cannot 
easily be regarded as a form of mechanical process [ibid., 
p. 450). And he accepts autonomy or “striving” for all 
animals, whereas Bergson’s vitalism is largely limited to 
Man. He also disagrees with Bergson conceming Instinct. 
Bergson holds that instinct and intelligence are alternatives, 
typical, for example, of the insects and vertebrates respect- 
ively. McDougall considers, with Darwin and E. S. Russell, 
that there is no sharp line between these two, and that 
instinct, even in typically instinct-guided animals, may be 
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modified by intelligence on occasion, while instinctive action 
in the higher creatures, including Man, is the key to under- 
standing their behaviour. He argues ably that the mech- 
anists’ view of instinct as only complex reflex action is in- 
correct {ibid 70, Gh III, etc); while “ Intelligence is the 
capacity to improve upon native tendency in the light of 
past experience” {ibid , p 71). 

Space does not permit consideration of the details of 
McDougall’s psychology, but it is sound in principle, for it is 
based not on abnormal pathology or laboratory experiments 
on maimed ammals but largely upon observations in the 
field or on healthy tame beasts such as dogs, pigeons, and 
Kohler’s famous chimpanzees His Outline illustrates forably 
the decline of the late nineteenth-century psychologies and 
the inadequacy of such later developments as tropism and 
behaviourism. But probably McDougall pushes explanation 
of elementary functions such as sneezing and urinating by 
instinct too far {ibid ^ pp. 163-5) 

The Hormic Theory. McDougall agrees entirely with Sir 
Percy Nunn {Education ' Its Data and Fust Principles) that 
animals cannot be “explained” in terms of chemistry and 
physics, but that even “the humblest creature is autono- 
mous”; that there is a striving towards individuality, seen 
best in Man but also in all ammals, and that this “urge” or 
“drive”, the ilan vital of Bergson, libido of Jung, or conation 
of psychologists for conscious beings, is purposive, and may 
be termed “horme.” This is of course another expression 
of belief in vitalism as regards ammals and Man, though the 
hormic theory is inapplicable to plants {Outline of Psychology, 
pp. 71-3); McDougedl expledns it in Man as due to innate 
instinctive impulses which “determine the ends of all 
activities and supply the driving power ” His psychology is 
essentially hormic {ibid, pp. 218, 370-5); “we cannot 
explain the generation of Mind out of something that is not 
Mind”; and all the often supposedly separate functions of 
mind, such as memory, conation, and so on, “are involved 
in the simplest mental acts” {ibid., pp. 308-9). 

His emphasis on the conative element in memory, 
imagination and other mental operations is suggestive of 
Nietzsche’s will-to-live {ibid., Ch. X, pp. 317-20). 
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McDougall traces his treatment of emotional expression 
back to Charles Darwin {ibid , pp. 321-3), and, with Professor 
W. B. Cannon {Bodily Changes in Pain, Hunger, Fear and Rage', 
New York, 1915), appears to turn the flank of mechamstic 
explanations based on endoerme secretions by attributing the 
action of the hormone to a nervous impulse. But elsewhere 
(his Ch. XIII) he very properly admits the strong effect 
which the body exerts upon mental temperament, as well 
as the reverse effect 

His theory of play is allied to Wallace’s great idea that 
healthy animals, at least in the groups best provided with 
means of perception and locomotion — such as normal insects 
and the higher vertebrates, possess an excess of energy; 
though McDougall typically regards this as “nervous”, he 
also terms it “vital” energy {ibid , pp 17 1-2) His discussion 
of instincts would be simplified, I consider, if he allowed for 
an education instinct as an extension of the “parental in- 
stinct” in animals which tend their young, though he does 
admit the importance of “learning” {ibid,, p 184) 

Other respects m which he agrees with Wallace are the 
attribution to the animal kingdom of what he calls horme or 
autonomy, Wallace “consciousness ”, and the likelihood that 
organic evolution is due to Mind as the creative agency 
{ibid., p. 448; cf. II(^), 11, above) 

He shares with Driesch the belief that “Intelligence . . . 
directs forces or energies without being itself a force or 
enei^” {ibid., p 440). His powerful advocacy for vitalism 
in animals and Man is clinched by the remark that belief in 
“strict determinism” in a man who makes strenuous efforts is 
a mild symptom of mental disorder {ibid., p 448). 

In conclusion it should be gratefully noted that, unlike 
many psychologists, McDougall writes simply and clearly, 
though sufficiently profoundly. 

In Biology and the Sciences of Life (1934), he summarises 
“the evidence during more than forty years of cold and 
sceptical enquiry” which, as indicated in his earlier Body 
and Mind, has led him to believe that "man ... is more than 
a machine, and more than a mirror that reflects the world 
about him” {op. cit., pp. v and vi). This is the view of Berg- 
son and of Singer {History of Biology, p .429) and others, and 
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forms an argument for vitalism which can be termed the 
Autonomy of Mind {cf ni((/), 2, iv, No. ii).^ 

One of the stiongest aigumcnts for the independence of 
mind or spirit is, in my opiiuon, to be cliawn from the pal- 
pable difference achieved by the evolution of a group spirit, 
will, or esprit de corps in such typical human groups as a 
crew, a battalion, a school There may be two of these 
units equal m all physical respects — numbers, weight, racial, 
type, quantity of food eaten and physical energy available, 
and so on Yet the one may be a useless, spiritless mob, the 
other a umt capable of achieving fai more both spiritually 
and physically than the fiist because it is disciplined and 
inspired. This distinction is due not to any physical cause 
but to the action of the imnd of a leader or ruler, or, possibly, 
to the co-operative wills of the individuals. Sinularly, the 
ideas of great historical characters, such as, for e.\ample, 
Alfred the Great, Wesley, Napoleon, Livingstone, Mussolini, 
have achieved results which it is piepostcrous to attempt to 
evaluate in terms of chemistry and physics But these argu- 
ments are not used by our psychologists, who are much too 
prone to individualism. 

(iv) Eddington and the mind-brain connection 

The notable contribution of Sir Arthur Eddington to the 
indeterminacy controversy is dealt with in the following 
chapter Here we note his tentative excursion into the 
supreme problem of psychology — the mind-body relation, 
given in The Nature of the Physical World [Volition, pp 310-15). 

How IS it that “the imnd gets a grip on material atoms so 
that movements of the body and limbs can be controlled by 
its volition”^ For “we may now feel quite satisfied that the 
vohtion is genuine”, as I think the preceding reviews of 
modem philosophy and psychology have demonstrated. 
Also, Eddington’s argument against the universal validity of 
the matenahst reflex view of human action [op. cit , Ch. XIV, 
especially pp 311-12) deserves careful consideration. 

He beheves in direct action by the mind upon “certain 
atoms or elements of the physical world”, in the brain; but 

' J W Dunne’s argument that the soul of Man is immortal (T/ie New 
ImmortalUj, Taber & Faber, 
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rejects the view that there are “certain key-atoms” which 
alone arc thus aflected to pioduce cliangcs in tlic material 
world His solution, which 1 find outlined wiih less than his 
usual clarity, is that “in the pliysical part of the brain 
immediately affected by a mental decision there is some kind 
of interdependence of behaviour of the atoms which is not 
present in inorganic matter”’ That is, he finds himself 
forced to admit a distinction between “inorganic and organic 
(or, at any rate, conscious) matter”, though he admits its 
“seriousness”; but interference with the probability of the 
undetermined behaviour of an atom seems a less drastic 
interference with “natural law” than other modes of mental 
interference suggested [ibid ^ pp 313-14). I would suggest 
that Sir Arthur makes unnecessary difficulty by putting 
“natural law” in antithesis to his suggested “mental inter- 
ference”; if “mental interference” be also a “natural law” 
in its appropriate “natural ” sphere this difficulty is abolished, 
or at least reduced to the famihar plane on which one 
“natural law” gives way to any stronger one with which 
it comes in conflict For instance, a mixture of hydrogen and 
oxygen molecules will increase its volume or pressure accord- 
ing to a “natural law” until under another such “law” they 
turn into water or steam and the operation of the first “law” 
is modified. 

Whetham {op. at , p 476) takes what is doubtless the usual 
view, that, while Eddington’s suggestion deserves all respect, 
“the problem of the mechanism of the connection between 
mind and brain is one of sui passing difficulty ... it may be 
better to leave this problem in its earlier form.” He con- 
siders physical science and psychology as separate aspects of 
“reality”; but the latter must lecognise “aesthetic, moral 
and religious emotion ” as part of its data. 

Anyhow, both these great physicists recognise the in- 
dependence of the imnd, and Eddington’s reluctant ad- 
mission of a distinction between organic or conscious and 
inorgamc is definitely vitalistic, and in agreement with the 
vitahstic recognition of the independence of mind by our 
leading “empiric” psychologists. 
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MODERN BIOLOGICAL THEORY 
(i) Chaos in Biology. 

Sir James Jeans, addressing the British Association in 1934, 
compared the growth of science during the previous fifty 
years to that of a “main edifice . . . increasing in extent, 
dignity and beauty”, but the department of theoretical 
physics to a bmlding “brought down in ruins by a succession 
of earthquake shocks . . . because it was not built on the 
solid rock of ascertained fact but on the ever-shifting sands 
of conjecture and speculation.” 

Faced with this candour, what is an honest student of 
biology to say when he contemplates his own portion of the 
“edifice” of science? A vast amount of research has been 
done, though vast fields remain little explored, especially 
in outdoor studies in the tropics. Great practical results 
have been obtained in certain departments, such as the 
physiology of hormones and vitamins. But as regards 
theory I see little but chaos in Biology {cf. Woodger, p. 476, 
bottom). 

Doctors E W. MacBride and C. Singer maintain that 
natural selection merely means that “the survivors survive.” 
Dr. R. A. Fisher, supported by J B S Haldane and others, 
claims that the “overwhelming” strength of natural selection 
is demonstrated by appropriate mathematics. Julian Huxley, 
the late Sir Arthur Thomson, and others support natural 
selection on biological grounds, correctly, I believe, at least 
to a certain degree. 

Lamarckism is extolled by MacBride, faintly supported 
by Broom, and opposed by most biologists, Darwinian or 
otherwise. 

“Darwinism” m general is supported by Poulton, J. S. 
Huxley, J. B. S Haldane, T. H. Morgan, and many others. 
It IS still probably the orthodoxy of the rank and file of biolo- 
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gists throughout the world. It is, however, opposed by the 
Lamarckians, by Berg, Driesch, and many others. In The 
Coming of Man (Witherby, 1933), Dr R Broom gives an 
independent and stimulating view of the faets and of the 
incongruous theories competing to explain them. 

Professor L. Berg in Nomogenesis claims that evolution 
must have been, not from one or a few forms but, from 
“thousands”, the ultimate origin of which he does not dis- 
cuss. Neo-Darwimans follow Darwin in thinking that 
evolution must have been from a few forms or one, thoughv, 
they disagree completely on such a question as the possible 
origin of the Chordata from a primitive form of some lower 
phylum. Though biogenesis is admitted by all as a present 
fact, the mechanistic school still hopes to discover abiogenesis 
in the future — or possibly in the extremely remote past 
{cf. 11 (c), iii). Even the scope of biology is disputed by 
J. Needham and some biochemists, who would make it a 
department of physics or chemistry {cf. next section) ; though 
few if any biologists, in any true sense of the word, can agree 
to this {cf. III(«/), 2). 

To this selection of conflicting biological theories may be 
added the vitalist-mechanist controversy, together with the 
modem alternative that they are both right — or wrong — and 
will in future disappear in a unity in which biology will be 
swallowed up in a larger and brighter physics {cf Ill(rf), a, v) ; 
or, as J. S. Haldane prophesied, with physics inside bi- 
ology. To sum up, little agreement exists among biologists 
except about biogenesis, so far as we know, and about some 
kind of evolution in some way or another {cf. Creation by 
Evolution, various writers, MacMillan Co., 1928; and 
Religion and the Sciences of Life, p. 7). 

Jeans claimed that his ruined physics department was 
capable of being rebuilt as a mathematical structure. 
There seems little chance yet of co-operation among the 
bricklayers in the theory-of-biology mansion; the brick that 
one lays so carefully often displaces the favourite brick of his 
neighbour. Thus, in the theory of evolution there is evolution 
but not necessarily progress. Perhaps the metaphor suitable 
for physics is inadequate for biology, and we should be con- 
tent with the relative freedom of an organism — or a colony of 
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such — instead of seeking to build a mathematically correct 
“edifice ” 

We must now consider the effects of recent developments in 
biological theory upon the history of \ italism. 

(ii) Modern Mechanistic Biology 

The mechanistic tradition of the later part of the nine- 
teenth century [cj 11(6), iv, v) continues in certain quarters. 
Thus, as late as 1911, Sir E Sharpcy-Schafer in his presi- 
dential address to the British Association, claimed that “the 
combination of these elements into colloid compounds 
represents the physical basis of hfc, and when the chemist 
succeeds in building up this compound it will, v\ ithout doubt, 
be found to exhibit the phenomena which we arc in the habit 
of associating with the term “hfe ” But in 1933 his successor. 
Sir F. Gowland Hopkins, remarked that this claim “might 
have seemed to encourage the biochemist, but the goal 
suggested would have proved illusive, and the path of 
endeavour has followed other hnes” {Advancement of Science, 
1933, p 4). And no man is better qualified to speak of the 
realities and potentialities of biochemistry than this dis- 
tinguished President of the Royal Society [cf 111 (d), i) 

Nevertheless, the mechanist view is nowadays largely 
maintained by biochemists and physiologists It is that 
physics and chemistry are sufficient for the understanding 
and explanation of all orgamc phenomena, even those of the 
mental and spiritual life of Man, at least as far as “science” 
is concerned 

This position is stated with much repetition by J Needham 
in The Sceptical Biologist (1929). The mechanical theory of 
life, he says, is a method of umv'crsal application, applicable 
even to the imnd of Man ; vitedism, whether old or new, is 
erroneous and unscientific (op. cit , pp 27-30, 6-23, 90-130)5 
Driesch, Haldane and J. A. Thomson are as wrong as Stahl 
or van Helmont. Eddington is quoted, most incompletely, 
as stating that science is concerned only with the metrical 
aspect of the world ; complete scepticism about the enigmatic 
background of the metrical world is then postulated for 
science, which, therefore, heis no room for anything but a 
“legitimate materiahsm” (ibid., p. 119). So nco-mcchamsm 
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is the only proper philosophy for scientists; and, “if biology 
is to be a science, in biology it must reign” {ibid , p. 39). 

But full credit must be given to Needham for his philo- 
sophical treatment of this definition of science. Neo- 
mechanism is not the same as the scientific naturalism of 
T. H Huxley and other Victorians, which claimed to 
account for all phenomena in a materialistic way; it is 
umversal in applicability and restricted in essence {ibtd., 
pp 38, 39, 243, etc.) He recogmses that science gives but 
one, imperfect, view of things as they are; and that other 
views — the historical, religious, artistic and so on — are equally 
valid and equally necessary {ibid , pp 25-6, 86, 135) That 
this attitude is correct many students of biology will agree, 
as I do. But It is a matter of philosophy, not of biology. 

Here we must consider the assumption that neo-mechamsm 
is the only valid biological theory. Needham endeavours to 
justify It by defining science in such a way that the closed 
cycle of metrical readings will include biology as well as 
physics. Science is and must be “materialistic” because 
“we” make it so, “it is dctermimstic, but we unconsciously 
reject what would make it otherwise” {ibid, pp. 65-6). 
“Science is essentially analytical, mathematical and mech- 
amcal” {ibid , p. 245). Whatever can be weighed and meas- 
ured forms its subject-matter; “elements of experience which 
cannot be so discussed are left on one side until they can” 
{ibid , p. 136). But Needham lets the vitalistic cat out of the 
mechanistic bag by his grotesque assertion that the concept 
of organism is “quite foreign to the scientific mind”, though 
“proper to the domain of the philosophy of science” {ibid., 
pp 84-5) The minds of most biologists do not reject the 
fundamental idea of organism or of its development {cf. 
III{a), III{d), and secs, iii and v here). And science 
should not contradict other methods if they are valid, as 
Needham says they are {ibid., p. 66). The statement that 
“practically all working biologists admit the scientific 
approach stands committed” {ibid., p. 135) to his own 
mechanistic theory of life, like many more before it, is 
ludicrously false, excusable only by the illegitimate extension 
made by Needham of physics to include all science. But 
vitahsts refuse to be humbugged in this way, or to reject, 
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deliberately or “unconsciously”, what does not fit in with 
arbitrary, a priori, limitations of science. They adopt experi- 
mental embryology with Dncsch, the organism method with 
Russell, or empiric psychology with McDougall, find that 
certain events occur, and adapt their theories to these 
phenomena instead of cutting out the phenomena that do not 
agree with theories elaborated in other branches of science. 

Needham admits that philosophic materialism is an epi- 
phenomenon, as Ward showed, and behaviourist psychology 
erroneous {ibid., pp. 239-40); yet mental states are epi- 
phenomena for neo-mechanists, though little has been done 
yet for mechanistic description of cerebral processes {ibid., 
pp. 142-4), and “anthropos” must be “deanthropomor- 
phised” as the subject of scientific thought (i62i.,pp. 217-18) !! 
And so it goes on. Science of the neo-mechanistic brand being 
“a tremendous edifice of supposals or fictions ”, biologists can 
do nothing unless life is merely an equilibrium of proteins, 
fats, and so on {ibid, p. 252). Yet peihaps the kidney and 
brain are not only mechanical. “The biologist is not com- 
mitted to any opinion as to what his animals are in them- 
selves” . . . {ibid , p 253). To this and more like it vitalists, 
and many biologists who prefer to be unlabelled, would 
reply that they are content to believe animals are animals, 
and may be legitimately studied as such, whole and alive, 
as well as in little bits {cf, Driesch, Science and Philosophy of the 
Organisms, p. 3.) 

In fact, a useful definition of modem vitalism would be 
that it is all that neo-mcchanism as expounded in The 
Sceptical Biologist is not. 

The Mnemic Theory. Originated by Hering in 1876 and 
accepted by Haeckel, this was elaborated by Richard Semon 
in several books, of which The Mneme (Eng. trans., 1921) is 
chief. It IS in many ways confusingly written, and suffers 
from considerable repetition and a flood of peculiar ter- 
minology. 

As Driesch says. The Mneme is “expressly conceived in a 
mechanical sense” {History of Vitalism, pp. 161-3). Semon 
criticises vitalism, and explains that his way of regarding 
heredity and similar problems “renders unnecessary vitalistic 
principles” {ibid., pp 277, 291-2 and 14). This is also the 
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ne plus ultra of anti-vitalistic prejudice posing as science; for 
Semon’s entire theory, surh as it is, is based upon an “irrit- 
able organic substance ”, of which the properties are different 
to those of inorganic matter {ibid , pp. 10, 14, 288, 292). 
But it is just this assumption which Semon makes so glibly 
that is for Driesch, Wallace and others, including myself, 
part of the quintessence of vitalism So, quite unconsciously 
and unintentionally, Semon’s teaching was fundamentally 
vitalistic; though all his obscurely expressed details were 
supposedly mechanistic in trend' But the whole book is a 
muddle Verwom i ejects the whole theory contemptuously 
{Irritability, pp 16-17) 

The mechanistic \ lew in biology has also been maintained 
well into the twentieth century by the famous Russian 
physiologist Pavlov (1849-1936), some of whose experiments 
are familiar to all zoologists It all sounds very simple and 
very scientific Dcfimte experiments are made, and not with 
pithed frogs or fiagmcnts of nerve and muscle but with real 
live mice, dogs and so on Preconceived theories are, sup- 
posedly, set aside, and we observe experiments and introduce 
no superfluous conceptions So we find that certain actions 
— secretion by salivai y glands, for instance — are induced by 
certain stimuli Action follows stimulus, so it is called reflex 
action; given the condition, the conditioned reflex follows. 
So, we are led to believe, all actions, including those which 
superficially appear to indicate autonomy, are simply 
conditioned reflexes And it is easy to correlate this with the 
findings of biophysics and biochemistry, especially if the 
naive restriction of biology claimed by Needham and 
his friends is accepted. “Bchavioui,” Pavlov states, “is 
therefore completely determined by the stimuli and by the 
connections alicady existing in the nervous system or built 
up during the foimation of conditioned leflexes” {Advance- 
ment of Science, 1934, pp. 94-5; cf. II (i), iv, re Haeckel, Loeb, 
etc.). 

But this does not agree with the findings of Driesch 
(behaviouristic) and Bergson and McDougall (psychological) 
concerning human action {cf. Ill(a), ii, and III(6), 2, lii). 
More important is the revolt against Pavlovism by modern 
woikers on animal behaviour. Durken’s ideas are dealt with 


o 
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below in section v. Lashlcy {Brain Mechanisms and Intelligence, 
Chicago^ 1929), Koffka {The Growth oj the Mind, 2nd ed , 
1928), and the Gestalt psychologists are quoted by E. S. 
Russell {The Behaviour of Animals and Advancement of Science, 
both 1934) to show that, while some reflexes, simple or con- 
ditioned, undoubtedly occur, as medical men have known 
for generations, it is against all knowledge of wild animals 
to attempt to explain their actions m such rudimentary 
terms I would myself go further than Koffka, who claims 
that action comes to an end when needs are satisfied {op cit , 
p. 103), and say iMth those great naturalists Fabre and 
Wallace that much of the action of insects and birds, at least, 
is joyously superfluous to their “needs.” 

(iii) Pfeo-Darwimsm and rival theories. 

In certain respects the neo-Darwinism of the twentieth 
century has changed from the Daiwimsmus of the preceding 
generation {cf Part II (i), iv; {d), 111, etc ), but in others it is 
much die same. 

In 1931 the veteran Sir Edward Poulton stated that “the 
theory of evolution as it was held forty years ago, and, I may 
add, very nearly as it is held to-day,” was based on the 
“gradual summation” of small variations, the selection and 
accumulation of which, “as a result of environmental 
conditions”, led to “specific changes” {Advancement of Science, 
^ooiogy, pp 9-10) Natural selection was defended, 
the concluding section of an address rich m historical matter 
being devoted to “recent work with a direct bearing on 
Darwiman evolution . . the researches upon Mimicry and 
allied subjects” . . {ibid, p 12 seq.). As usual, supposed 
mimicry in butterflies played a large part in this treatment 
{cf p 202 below). Finally he quoted the late Earl Balfour’s 
opinion that “nothing suggested in recent years had replaced 
or modified the Darwinian theory of evolution”, in which 
sexual selection also plays a large part {ibid., pp. 25, 26). 

This is the general conclusion of neo-Darwinians such as 
Julian Huxley and E. S Goodrich {cf. art. Evolution, E B., 
1930), though J S. Huxley admits that orthogenesis “may 
play some part” {loc cit , p. 916). 

A thoughtful account of The Causes of Evolution was pub- 
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lishedbyj B S Haldane in 1932. He admits that, though 
evolution is well established, “its possible eauscs . . . are 
certainly debatable” [op cit , p 3) “The world is full of 
mysteries”, of whieh “life is one. . . It is not the business of 
an evolutionary theory to explain these mysteries” {ibid., 
p 6) . All this IS a pleasant change from Haeckehan solutions 
of these mysteries or “riddles.” 

He too rejects Lamarckism {ibid, pp. 10, 20), but pays 
tribute to Berg for “the best anti-Darwinian book of the 
century” {ibid., p. 10); and admits orthogenesis to some 
extent {ibid, p 15 1) Much of his book is an exposition of 
modern genetics; but he docs not think that Mendel’s 
“atomism” has reduced genetics to biophysics {ibid , p. 60). 
He regards natural selection as a veia causa, giving instances 
which I think are perfectly sound Yet, “neither selection or 
mutation alone can furmsh a basis for prolonged evolution. 
Selection must wait for suitable mutations” {ibid , p no). 
But it is a fallacy to think that natural selection always makes 
an orgamsm fitter in its struggle with the environment; it 
may be helpful to the individual but “ultimately disastrous 
for the species”; so he explains monstrous horns, spines, and 
such like {ibid, p. 119 jcy) But Wallace, Broom, and the 
orthogeneticists sec no need to c\ okc natural selection here, 
and I consider they are right and Haldane wrong; and 
similarly as regards colours and songs of birds {cf Haldane, 
pp. 126-8). 

He is, however, cautious about “Darwimsm”, as Broom 
points out {Coming of Man, p 20). “To sum up, it would 
seem that natural selection is the main cause of evolutionary 
change in species as a whole”; but we are still in the dark 
about variation (Haldane, p 142), and so to a large extent 
about the “Causes of Evolution.” 

But belief in orgamc evolution is no longer synonymous 
with Darwimsm. 

Lamarckism is stoutly upheld by MacBride, slightly so by 
Durken and McDougall, and sympathetically considered by 
Broom and other biologists. But though Darwin accepted 
it to a limited degree in the later editions of the Ongin, it is 
rejected by neo-Darwimans, as has been shown. It is also 
rejected or, at the most, regarded as unproven by many 
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leading non-Darwinians. Dricsch’s rejection of it and of 
Darwinism lias been described (pp 147-8 above) Berg 
considcis Lamarckism to possess “no importance” apart 
from nomogenesis {op cil , p 14) Even Broom lias little hope 
that the matter can be proved by experiment; D. M. S. 
Watson thinks that both Lamarckism and Darwinism “rest 
on a most insecure basis” {Coming of Man, pp. 20-21). 
Darken, though sympathetic, insists that embryology does 
not support the historical form of this theory {Experimental 
Analysis of Development, pp. 205-7) • 

Lamarck himself believed in abiogenesis, and wrote 
largely in a mechanistic way But his theory is in fact vital- 
istic, for it assumes in animals, though not in plants, an 
innate power of modifying their structure, not by direct 
response to external stimuli but indirectly owing to “needs” 
arising in tlie animal in a psychic way {cf Zoological 
Philosophy, pp 108, 1 12, 119-26, and Radi, History of Bio- 
logical Theories, pp. 271-4) But Lamarckism is so slightly 
held by modern biologists as a class tliat I do not adduce it 
as a support for vitalism heie 
Orthogenesis was first suggested by Eimcr, whose ideas 
have been considered in I !(</), IV, above Professor D M. S. 
Watson and some other biologists maintain to-day tliat 
orthogenesis gives tlie correct interpretation of many zoo- 
logical facts Within an animal group many variations are 
found; but they are variations within limits; for instance, the 
limbs of veitcbratcs vary enormously in birds, mammals 
and other classes, but always tlicre is the basic plan of two 
pairs, anterior and posteiior Otlicr examples occur in 
insects and otlicr great ammal gioups Orthogenesis is 
often independent of environment, and its cause seems to lie 
within tlie animal; so development may have an adaptive 
significance or not {cf. E B., 16, 942). There is a close 
connection between orthogenesis and Berg’s nomogenesis. 

Meanwliile, since Darwin’s day, stupendous difficulties 
have arisen to oppose the original thesis of an evolution 
from elementary primitive forms to later, increasingly com- 
plex ones This is seen extremely clearly in the plant king- 
dom The first general sequence observed — ^giant Lycopsida 
in the Goal Measures, next Gymnosperms, then Angiosperms 
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in the Chalk and Tertiaries — vindicated a straightforward 
development from lower to higher. But increased knowledge 
has destroyed the basis for this simple creed. 

An admirable summary of die botanical difEculUcs con- 
cerning evolution was given by A G. Tansley in 1923: 
“On the whole, the search for common ancestors as such has 
been disappointing”; Ptcridospcrms and Ferns “at all times 
show themselves perfectly distinct (D H. Scott, Nature, 
nth Nov., 1922)”; and so on {Advancement of Science, 1923, 
Botany, p. 4). Tansley quotes Professor Seward’s doubt that 
“the unfolding of terrestrial life is capable of being repre- 
sented as a single chain”; and his suggestion that, despite 
“continuity in some degree”, “plant life . may best be 
represented by separate and independent lines of evolution 
or disconnected chains which were never united . it would 
almost seem that ‘missing links’ have never existed” {ibid., 
pp. 5-6).^ Dr Scott in The Ottgtn of the Seed Plants {p 227), 
infers that dicsc “constitute an independent phylum, of equal 
antiquity widi any . . Vascular Cryptogams”; Tansley 
suggests that there is insufficient evidence for regarding 
Seed Plants as a single phylum {op cit , p 7)); and follows 
this up by criticism of tlie whole nco-Darwiman position, 
and a valuable reminder of tlic unwholesome effect tliat 
specialisation has had upon botamcal science as a whole — 
a criticism which applies equally to zoology Dr. F O. 
Bower, F.R.S , agrees with these otlicr leading botamsts 
{Evolution in the Light of Modem Knowledge, 163-7). 

What Tansley suggested for plants has been urged much 
more forcibly for ammals by Berg in Nomogenesis (1926). 
Berg at first appears to be defimtely anti-vitahst; hesays that 
vitalism in general and the distinctive theories of Hartmann, 
Driesch and Bergson lead us nowhere towards tlie “full com- 
prehension” of “purposive adaptations.” Butheis an equally 
strong opponent of abiogenesis {op. cit., p.2',cf. my 11(c), ui), 
and of a mechamstic conception of hfe based upon it; he 
himself has no explanation to offer concerning his own 
theory, i.e. nomogenesis {ibid , pp. 2, 6) ; and he adopts the 
views of C. Bernard and H. Spencer that '‘purposive structuie 
and action are thus a fundamental property of the living being” 

^ Of. Sir A. C. Sewaid, F.R S., m Nature, aoth Aug 1 938, p 31 1 
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{ibid., p. 8). In fact, his book definitely supports the general 
vitalist view, that life is autonomous and inexplicable in 
terms of “physico-chcimcal terminology”, expiesscd at the 
conclusion of the present volume Ill(d), 2). 

His “nomogencsis” is allied to orthogenesis; “every 
group of orgamsms in . a defimte period attains its 
optimum, after which, obeying certain internal impulses [italics 
mine — L. R. W ] . . . it becomes extinct or is relegated to a 
secondary position, yielding its place to others”; as, for 
example, mesozoic gymnosperms and leptiles He admits 
that “the struggle for existence may contribute its quota to the 
final extinction”, but states that the principal authorities in 
palaeontology are adverse to the struggle as a factor in 
evolution {ibid , pp 70-1). But Berg's arguments concerning 
Ammonites and some other animals are severely criticised by 
MacBride {Eugenics Review, April, 1927) 

The theory of selection, he claims, is refuted by ontogeny 
{ibid , pp 132-3). “We are generally unable to tell whether 
we have to do with homology or analogy ... all we know . . . 
refers solely to resemblances and differences {ibid, p. 162). 
“Among insects we meet evcryivhere with a convergent 
development” p 167) The successive mamfestations 

of new characters are governed by law, and there is no 
place for chance in evolution; “evolution is nomogencsis, or 
development determined by law” {ibid , pp. 154-5). "To 
support the view tliat animals descended from four or five 
progemtors is now impossible; the number of the primal 
ancestors must be computed in thousands or tens of thou- 
sands” {ibid, p. 358; cf pp. 169, 189, 197, 205) In this 
connection, as Berg opposes the favourite mechanistic fancy 
of abiogenesis, it seems to me impossible to avoid the con- 
clusion that these numerous “primal ancestors” must have 
arisen by special creation. How else could they exist if they 
do not arise abiogenetically or by descent from earlier forms? 
But, of course, a professor in Soviet Russia might find it in- 
convenient to refer to a Special Creator, even if he so desired. 

The particular case of coloration m butterflies is advanced 
as a proof of mimicry and natural selection by Sir Edward 
Poulton, Dr. Hale Carpenter, R. A. Fisher, and other neo- 
Darwimans. Poulton’s behef in butterfly “ mimi cry” as an 
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argument for natural selection is well known {eg art. 
Mimicry, EB, 1930); even though, m some cases, “the 
abundance of mimetic foi'ms when llicir models arc rare, 
and still moic absent altogctlicr, does make it difficult to 
feel confident that Natural selection . . has always been the 
cause” {Advancement of Science, 1931, P 20), his main 

behef is not affected, though it was largely based on his 
inability to think of an alternative explanation {ibid , p 24; 
Colours of Animals, 1890, p 231) However, R C Punnett 
argues, in Mimicry in Butterflies, 1915, that so far as butterflies 
are concerned tliis argument is unsound Berg regards 
mimiery as a particular case of convcigence {op cit , p 337). 
But though I incline to the nco-Darwmian views about 
mimicry in many insect classes, and especially to Wallace’s 
ideas about recognition marks and other types of colour in 
ammals {Darwinism, Chs. VIII, IX, X) my study of the 
literature of bird attacks on butterflies and the observations 
of myself and all other observers in Malaya (see Bibliography 
— Wheeler) lead me to agree with Punnett and Wallace as 
regards upper wing colours in opposition to the ortliodox 
Poulton school. Birds m Malaya at least do not attack 
butterflies to any appreciable extent, so there is no cause for 
upper wing colours to be affected by natural selection there, 
nor, probably, much elsewhere 

A modern outlook upon evolutionary problems is that of 
Professor F Balfour-Browne, who dchvered the presidential 
address to the British Association Zoological Section m 1935. 
The struggle for existence, he rightly states, is “beyond dis- 
pute”; but it may not be so exacting as Darwimans suppose, 
and “Natural Selection plays a much smaller part m tlie 
origin of species than has been claimed for it” {Advancement 
of Science, 1935, pp. 64-5, 76, 63). He recognises that mobile 
ammals, unhke plants, can exercise a good deal of choice as 
regards their environment, a vitahstic matter which has often 
been overlooked {op. cit., pp. 67-8).^ Orthogenesis is 
recognised, and the possibihty of acquired characters, also 
the importance of mutations and of chromosomes {ibtd., 
pp. 77-8). 

So we find that the rigid “ Darwinismus” of the mne- 
^ Cf Elton, Animal Ecology and Evolution, p 51. 
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teenth century is rejected by most biologists to-day, as is La- 
marckism Orthogenesis is certainly capable of vitalistic 
interpretation; so, obMously, is Berg’s nomogenesis Neo- 
Darwimsm, as described by J B S Haldane, seems to me to 
be so too; orthogenesis is adimtted to some extent, there is 
nothing mechanistie about mutations, and nothing in his 
book contradicts the vitalistic conclusions drawn from 
development by Driesch and Durken As regards the human 
mind or spirit, Haldane admits the possibility of origin by a 
great “mutation”, though he appears to tliink it unlikely 
\op. at , pp. 154, 168, and 4) , and “ mind ” is not likely to be 
aecounted for by natural selection (p 16 1), which is a revival 
of Wallace’s belief In some such recognition of the partial 
value of rival theories as is shown by Balfour-Brownc, J B. S 
Haldane, and Bergson {Creative Evolution, p 89) lies a way 
out of the present chaos ; and it will not be tied to mechanism ^ 

(iv) Biochemistry; Enzymes and Hormones 

However chaotic modern biological theory may be, re- 
markable progress has been made 111 the discovery of new 
facts, notably in the study of enzymes, vitamins and 
hormones. 

This is how Dr. H. J Phelps explains progiess in enzyme 
research for non-speciahst science masters: 

“A great majority of the chemical reactions taking place 
in the living cell must be promoted by highly specialised 
catalysts called enzymes. As our knowledge . . has ex- 
panded, It has been found necessary to postulate ( !) an ever- 
increasing number of enzymes, each of which is the specific 
promoter of a particular type of chemical change, and in 
many cases is specific for a single chemical reaction of one 
particular chemical compound ” And so on. {School Science 
Review, October 1933 ) 

It may seem a far cry from this to van Helmont’s “bias” 
presiding over the chemical changes m the body or to Stahl’s 
idea that chemical changes in organisms are different from 
the analogous ones that occur in inorganic matter, and modem 
scientists, of course, feel that the enzyme conception is 

' Cf Discussion on Natural Selection, Pro; Roy Soc P, CXXI, 1936-37 ; and 
on Mechanism of Evolution, Bnt. Ass , summarised in Nature, 17 th Sept. 1 938. 
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more scientific It appears to account in a material, chemical 
way for so much without “postulating” metaphysical forces. 
Still more so when it is also “postulated ” that the occurrence 
of the enzymes themselves is due to the existence of more 
primitive “agents”, the “zymogens”, though I have not 
learned whether the occurrence of the zymogens themselves 
at the right time and place is “explainable” by the pre- 
liminary occurrence of what might be termed “proto- 
zymogens ” But the whole conception of enzymes, whether 
they be well known catalysts or merely “postulates”, only 
pushes the question a step further back. The digestion of 
proteins, for instance, is explained in a primary way as due 
to the action of pepsin and trypsin. But these reagents are 
elaborated m the cells of certain glands and actually em- 
ployed outside these glands for the benefit not of the glands 
themselves but of the body as a whole. Why? And why, 
again, do zymogens appear just as they do? 

Catalysis, Sir F. Gowland Hopkins states, is due to the 
“highly specialised molecular structure” of colloid surfaces; 
“were it not equipped with catalysts every living umt would 
be d, static system.” Emil Fischer recognised that enzymes 
distinguished even between optical isomers, and compared 
their relation with the molecules they acted on to that of a 
key with its lock. “. . diverse enzymes may act in suc- 
cession . . . biological syntheses . . . are promoted by en- 
zymes ... a chain of specific enzymes can direct a complex 
synthesis along lines predetermined by the nature of the 
enzymes themselves”, Hopkms continues {Advancement of 
Science, 1933, pp. 7-9). 

Of hormones he says, each “is a definite and relatively 
simple substance with properties that are primarily chemical 
and in a derivatc sense physiological.” Knowledge of their 
number and nature still grows lapidly; but we already know 
a good deal. The auxines in “‘higher plants” are “essentially 
hormones” (liid., pp. 11-13). 

The reaction of a single enzyme can profitably be studied 
in chemical fashion. But the whole process of (i) the forma- 
tion of an enzyme, and (2) its appropriate action at the 
proper time, in the proper place, on the proper matter foi 
the benefit of the whole organism is simply an argument for 
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vitalism, especially when the vast number of enzymes, 
known or postulated, in a single body is cunsidcicd. Nothing 
of the sort occurs in inorganic nature This was pointed out 
by Johnstone m 1913 {Philosophy of Biology, p 95) I call it 
the Biochemical Argument (III(</), 2, 111, No. 8). 

And, on reviewing the history of biology, it will, I think, 
be seen that the conceptions of Stahl, even of van Helmont, 
were not so quaint or ridiculous as they appear at first, but 
were honest attempts to deal with what the biochemist, 
intent on an artificially isolated problem, often loses sight of: 
the connection of these remarkable chemical phenomena 
with the even more remarkable whole organism in and for 
which they occur. 

The same argument apphes to hormones, but even more 
strongly, for they act indirectly, by their stimulation of 
organs other than those in which they arise, for the benefit of 
the whole organism As the late Professor Bayliss remarked, 
they evoke latent potentialities, and zymogens speed up 
reactions. 

(v) The Gene Theory and Modem Embryology ; Darken 

The Gene theory, described in The Theory of the Gene, 
T. H. Morgan, 1926, The Causes of Evolution,} B S. Haldane, 
1932, and numerous other books and articles, is too well 
known to need description here. It forms an important 
part of neo-Darwiman teaching, in which, since the inherit- 
ance of variations produced by environment is denied, the 
only new inherited variations, except a few due to extra- 
nuclear “plasmons”, are those caused by combinations of 
existing genes or the appearance of new ones (J. B. S. Hal- 
dane, op. cit , 37 - 55 ; EB, art. Heredity, Morgan, op cit., 
p. 289). In other words, Darwin’s original idea of small 
variations due to the environment or to unknown causes is 
replaced or modified by that of genes, which, as regards the 
combination of existing characters, is based on Mendel’s 
work^; but the causes governing the occurrence of new genes 
are unknown, although laboratory treatment with X-rays 
increases the number of mutations. 

1 But in his address to the British Association in 1936, Dr J. Huxley says, 
“ the notion of Mendehan characters has been entirely dropped 
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It is beyond question that heredity is conveyed by the 
two gametes (in bi-scxual organisms), and that it must be 
carried mainly by tlic nuclei, which alone arc approximately 
equal in the amount they contribute to the zygote and 
embryo. Further, it seems equally certain that the chromo- 
somes are greatly concerned m this process. The neo- 
Darwinians claim that definite regions in these are associated 
with the inheritance of definite characters, and so regard 
genes as definite material entities as well as “factors” in 
inheritance. They regard these “factors” as the equivalents 
of the characters found in the adult organism. 

But, though there is much evidence for this gene theory, it 
is not universally accepted by biologists. E W. MacBride 
critiases the gene tlieory of heredity very ably, especially 
with regard to sex-inheritancc, and quotes GeoflFrey Smith, 
Tornier, and others to show that the inheritance of various 
“factors” depends upon external conditions and not upon 
chromosome composition, or at least not entirely so {e.g. 
Introduction to the Study of Heredity, especially Chs. VI, VII, 
VIII). His criticism that the spontaneous mutants which 
arise, in Dtosophila are largely non- viable and “cripples” is 
important {op. cit., p 217); tliough tins is “explained” by 
the opposition on the ground that existing species are so well 
adapted to a complex enviionmcnt that a chance modern 
mutation is likely to decrease efficiency. 

Dr. MacBride’s views on heredity are allied with a strong 
belief in the “inheritance of acquired characters.” But this 
quahfication does not apply to Professor B. Durken, whose 
criticisms of the usuid form of the gene theory seem to me to 
be absolutely valid. 

His Experimental Analysis of Development gives a modern view 
of the study of animal embryology Unlike Loeb, Durken 
has no a pnori mechanistic theories, he uses this term for 
processes which occur as in the inorganic world and “mech- 
anical” for any “causal event, without the nature of tlie 
causes at work being defined” {op. at., p. 25). He follows 
Driesch in other respects too; germ elements possess a 
prospective potency as well as a presumptive morphological 
value; regulation is possible in development and regenera- 
tion, for “the fate of germinal regions is not definitely deter- 
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mined in advance by a rigid mechanism of prcloi mation ” 
[op. cit., pp. 28-9) In fact, the experiments he describes and 
the inferences drawn therefrom are anti-mechanistic except 
in certain definite cases {cf op cil , pp 217-36), such as the 
tropisms due to temperature, light, and such like, which Loeb 
stresses m such one-sided fashion. But the recognition of such 
individualised activities ‘“must not lead us to conclude that 
development as a ivhole is nothing more than the sum of 
these relatively simple physico-chemical actions” [op cit , 
p. 237) Physical and chemical metliods can only yield 
physical and chemical results, only to be comprehended 
mechanistically; but biological methods, such as “develop- 
mental analysis”, give us biological results [op cit , p. 33). 
Throughout, Durken emphasises the importance of the 
organism as a whole [cf III(<f), i, below), the whole influ- 
ences the growth of particular parts. The classical Cell 
Theory led to o\ cr-cmphasis of the study of parts ; but this is 
now being corrected by the Theory of the Unity of the 
Organism [op. cit, pp 30-33, 250-51) 

Many apparently mcchamsuc results, due largely to 
Loeb, arc frankly admitted, every egg — surely a \ery 
sweeping assertion — possesses the “fundamental property” 
of development witliout insemination, and the initiation of 
cleavage is “a purely physico-chcmical process.” But there 
is no complete physico-chemical explanation of cleavage in 
relation to development [op cit , pp 52-7). 

Study of “Presumptive Organ Regions” (Ch. Ill) and 
“The Potency Problem” (Ch IV) leads to vitalistic con- 
clusions; mosaic and regulative eggs are connected by 
intermediate forms and their development negatives any 
formationist theory whether old or new, such as the typical 
modern gene theory [op cit , pp. 112-16). 

The importance of “orgamsers” is admitted; but, never- 
theless, “It is the whole which is primary ... in develop- 
ment” [op. cit., pp. 121, 147, 208-g, 237). Modifications 
due to environment show that development is not automatic 
[op. cit., p. 166 seq.). Determination cannot be due exclu- 
sively to material agents; for development, as I consider 
he demonstrates conclusively, is truly epigenetic, and there 
is a typical /a«ej and form for tlic whole organism. He 
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suggests “energy-relations”, a sort of “field” analogous to 
the “fields” of physics, as a non-material “agency” for 
determination; but this suggestion is admittedly tentative 
[op. cit., pp 210-12) On the other hand, he will not admit 
any sort of entelechy [op at., p 253), which is interesting as 
his outlook is in other respects so similar to that of Driesch. 

Determination of sex by the “material means” of X and Y 
chromosomes is partly conceded [op. at , pp. 212-13); but it 
is sometimes due to non-chromosomal factors (p. 264 seg). 

Chapter VIII, “The Germ-Cell as Reaction Basis”, gives 
a brilliant summary of the clash between analytical embry- 
ology and genetics, and an equally able reconciliation of 
these two methods of research For such rudiments as exist 
in the umcellular stage correspond neither in number nor 
character with the final differentiations, production of new 
manifoldness occurs [cf Driesch, Ill(a), 11, above); there is 
real origination of elementary factors, then of final factors, 
and only the last named have direct relations with the 
tissues and organs finally formed So the modem chromo- 
some theory, as usually understood, is incorrect, like the 
olde? “mechanistic” preformalion theory to which it “be- 
longs.” His emphasis on the numerical impossibility of the 
existence in the gamete chromosomes of genes or factors for 
every character in the adult is admirable. Also, the facts of 
regulation make impossible a direct relation between chromo- 
some “rudiment” and final diffeientiation. Spemann’s 
“progressive orgamsation” represents the facts of embry- 
ology, and epigenesis permits legulation and regeneration, 
which prefoi mationism docs not. 

Durken rightly insists that embryology is an older and 
more important “science” tlian genetics, and that where 
“the views of genetics” clash witli the sister science “they 
must undergo modification” [op. at, p 240; cf. Driesch, 
Science and Philosophy of the Organism, p. 154). But the sub- 
science of genetics is not wholly erroneous; it is indeed 
“extraordinarily serviceable” [op. at., p. 242). Its error is in 
trying to connect the character of the adult with imaginary 
and impossible discrete genes in the gamete chromosomes; 
if such discrete material entities exist, which Durken denies 
[e.g. p. 275), they do not coi respond with the almost in- 
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numerable adult characters but arc merely the first of many 
stages m a veritable epigenesis The chruinusoim s aie 
important, but arc not static; they change qualitatively 
during development; so do the factors or genes which they 
carry, so that the final factors in the nuclei of the adult have 
that connection with its phenotypic characters which 
Mendehsm demands; but tlus docs not apply to concrete or 
other factors in the cliromosomcs of the germ. And, anyhow, 
development is not due solely to chromosomes but to the 
whole nucleus and “the totality of the germ-cell” {op. cit , 
PP- 273-9)- 

Thus, study of the “mechanics of development” leads to 
“an evaluation of the organism other than a purely mech- 
anistic one” {op. cit , PP 279-80) 

My own position is best represented by Durken, though I 
claim no expert knowledge of cmbryologv. But whatever 
be the precise truth about genes, two facts seem clear’ 

Firstly, the occurrence of new “genes” or mutations, like 
that of Darwin’s variations, is unexplained. 

Secondly — a matter which is easily lost sight of by those 
occupied with details of genetics — the whole process of 
heredity, not only the inJientancc of small, occasional, 
variations, but, principally, the handing down to offspring 
of practical identity with their parents in tliousands, even 
millions of respects, physical, instinctive, mental — even, in 
Man, moral, is as astounding as any of the other marvels 
which science reveals or confirms This stupendous aggregate 
of events — for heredity affects time in the life of the orgamsm, 
not merely place — is reproduced through the physical agency 
of almost infinitesimal specks of nuclear, occasionally 
cytoplasmic, material All the kaleidoscopic stages of material 
growth as well as of a never static physical maturity, are, 
apparently, handed on through the same tiny means as are 
complicated instincts, and “innate” mental abilities of all 
kinds. And in every physical element, besides form, there is 
colour, function, correlation with other parts, and so on. In 
these marvellous gametes, or their non-sexual equivalents, 
we have a compendium of all tliat is imphed in the term 
“organism” — indeed, of all the successive organisms that 
occur in the metamorphic stages of what we are pleased to 
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term “an organism ” And the more fully organisms “obey” 
physical and chcrmcal laws the more amazing is the handing 
down of such capacities — ^among others, as I believe — 
through this apparently wholly inadequate material The 
miracle of heredity is, of coumc, most striking in animals 
with high mental or instinctive powers, and principiilly in 
Man. 

Increased attention to and knowledge of development, 
including genetics, thus produce not only sympathetic under- 
standing of the vitalisUc outlook of Aristotle, Harvey and 
their successors but an overwhelming argument for the 
essential saneness of vitalism to-day For even if — which 
actually seems impossible — it could ever be shown that many 
millions of special molecules or tiny groups of molecules 
existed — ^necessarily in suitable and rapid succession — ^in 
chromosomes so that one or more of such molecule groups 
represented each of the millions of separate factors found in 
the changing whole produced from the aforesaid chromo- 
somes and their small cytoplasmic envelope, the occurrence 
and sequence and co-ordinated reactions of such hypo- 
thetical minutenesses would be utterly and completely unlike 
anything else in the physical world. In other words, the 
facts of heredity lead to vitahsm; this is still more obvious if 
the whole tendency of development, as expounded by Durken, 
is accepted, as in my opimon it should be. 

I would add that it is to me a surprising thing that so little 
reference is made in modem books upon development to the 
amazing phenomena of metamorphosis in insects, in which 
normal processes analogous to regeneration and restitution 
can be easily studied; these processes certainly suggest 
vitalism {cf. World of Life, pp. 297-304). 



Ill(e). -RECENT DEVELOPMENTS IN PHY- 
SICAL SCIENCE; AND VARIOUS BACK- 
GROUNDS OF BIOLOGICAL THEORIES 

“ Our little systems have their day ” 

Tennyson {In Memortam). 


CHAPTER 1 

MODERN DEVELOPMENTS IN KNOWLEDGE AND 
THEORY OF THE PHYSICAL SCIENCES, AND 
CONSEQUENT REACTION AGAINST NINE- 
TEENTH-CENTURY MATERIALISM 

(i) General; planes of biologual study 

The beating of the development of physics upon biological 
thought before 1895 has been outlined in I(i), 2, i, and 
II(J), u and HI Much of the enormous progress made in 
the physical sciences in the last thirty years or so does not 
affect biology directly But in certain respects it docs. 

The most general of these is the addition of another, lowest, 
layer to the various planes or lasers upon which living 
things can be considered {cf Woodger, op cit., pp. 310-11, 
319, 321). These planes can be diagramatically represented 
thus, placing them in ascending ordei of complexity . 

6. Mental, psychological . 

5. Organismal; biological . 

4. Cellular; biological and bio- 
chemical . . . 

3, Molecular; chemical and physi- 
cal . . 

2. Atomic; chemical . . 

I Sub-atomic; physical (electrons, 

protons, etc.) . 

Physicists are concerned witli the properties of matter on 
planes 1, 2, and 3 in the diagram, but have learned lately 

212 
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lliat plane 6 really comes into all their work Much labora- 
toiy work m biology docs not rise above the level marked 4; 
I do not think there would be any advantage here in inter- 
polating a stage 4a for histology — nor a 6a for a spiritual 
sphere. Psychology is naturally concerned with plane 6, 
though it sometimes touches other planes such as 5, 4, and i. 
Plane 6 is placed where it is partly for convenience; there 
is an unbroken material sequence from i to 5 Biologists are 
or should be concerned mainly with plane 5. But, difficult 
though It may be, they should remember that the subject 
matter of plane 5 is budt up of matter which possesses 
modes of coherence represented by the lower planes, and 
that all their own observations and thoughts depend upon 
what plane 6 stands for; while plane 6 is certainly 
to be included in the subject-matter studied as regards 
Man and, when possible, animals. Biologists must not overdo 
“abstraction” in their work. The term “matter” and 
“material” are of course used with full respect to the 
fundamentally immaterial meamngs given to the entities of 
plane i, and so of planes 2-5, by modern physics {cf. section 
iii below) 

Certain particular impacts of physical research upon 
theoretical biology now demand attention. 

(ii) Entropy. 

The apparent umversality of the second law of thermo- 
dynamics has for many years been a favourite theme for 
physicists, astronomers, philosophers, even theologians. 

Sir Arthur Eddington has empjiiasised it in The Mature of 
the Physical Woild (1928; Ch. IV, pp 64, 86) : 

“Shuffling is the only thing which Nature cannot undo. . . . 
At present we can see no way in which an attack on the 
second law of thermodynamics could possibly succeed. . . 

,Sir James Jeans qualifies this absolute statement very 
meticulously, so that the absoluteness of Eddington’s state- 
ment remains, is even intensified for anyone with some 
power of grasping very, very enormous numbers : 

“. . . it is practically certain that . . . the universe will 
‘evolve’ . . . until it finally reaches a state of maximum 
entropy. Beyond this it cannot go. . . . Yet, if someone 
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asserts that this will not happen . . he is entitled to his 
opinion, either as a speculation or as a pious hope All wc 
can say is that the odds against his dream coming true 
involve a very high power of 10’® m his disfavour” [The 
}few Background of Science, 1933, p 266). 

Thus, in contrast to the uncertainty suggested by other 
findings of modern physics (see next section) the mc\ itabihty 
of entropy increasing throughout is starkly conspicuous. 
And, if mechanism is the true and adequate explanation of 
hfe phenomena, we should expect that the relentless increase 
of entropy would rule absolutely here, as it does in inorganic 
nature But this is just what does not happen Although 
hving beings do not, according to all that ivc defimtely 
know, create energy de novo, they do check entropy Jean 
says “Inanimate matter obeys the law [of entropy] im- 
plicitly, what we describe as life succeeds in evading it in 
varying degrees In fact it would seem reasonable to define 
life as being characterised by a capacity for evading this 
law . It seems able to evade the statistical laws of prob- 
ability The higher the t^qie of hfe, the greater its capacity 
for evasion” (op cit,p 2j6, cf Ch VIII genci ally) 

Sir F Gowland Hopkins, P R S , though he controverts 
the use of the expression “evading the law of entropy”, said 
the same in his presidential address to the British Associa- 
tion 

“Life has one attribute that is fundamental Whenever 
and wherever it appears the steady increase of entropy dis- 
played by all the rest of the Umverse is then and there 
arrested. . . in the downward course of the energy-flow 
it interposes a barrier and dams up a reservoir which provides 
potential for its own remarkable activities ” {Advancement of 
Science, 1933, p 2). 

I cannot improve upon what these pre-eminent scientists 
have said on this subj'ect, nor is it necessary to try; nor can 
any mechanistic apologist controvert their authoritative 
statements. Life — which they do not attempt otherwise to 
define — possesses a capacity for “evading” that law of 
increasing entropy which aU inanimate nature “obeys 
implicitly ” So, for this cause alone, it is futile to try to 
treat the science of hving things as though it rested on 
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nothing but the same basis, or bases, as inorganic sciences. 
It must include an element, and a dominating element too, 
which is peculiar to itself, tliat is — ^vitahstic. 

(lii) Indeterminacy. 

Reference has aheady been made (III(A), 3, i) to Jeans’ 
picture of physics as a “ruin”, only capable of reconstruction 
with “observables”, which he represents as “mathematics 
and mathematical formulae ” We have moved far from 
the nineteenth-century period when “most men of science . . . 
thinking they were keeping clear of metaphysics, accepted 
uncritically the model of nature put together by science as 
ultimate reality” (Whetham, op cit , p. 316) Instead of 
sohd concrete atoms, Newtonian gravitation, and so on, 
there now emerge queer, tenuous, ghostly immaterialities 
such as the electron, which is a group of wavicles, and new 
concepts such as quanta and “action ” “Something unknown 
is doing we don’t know what” is how Eddington describes 
the mathematical “facts” with which he and Jeans and 
others rebuild the “rums” of physics {Nature of the Physical 
World, p, 291) 

We now have, Jeans says, two alternatives in physics, a 
particle picture, and a wave picture. The former is a 
materialistic picture for those who like to think of matter 
existing in space and lime, the latter is a determinist picture 
for tliose who want to know what will happen next {Advance- 
ment of Science, 1934, p 6) But, “what remains is . . very 
different from the full-blooded matter and the forbidding 
materiahsm of the Victorian scientist”, and the wave 
picture is always supported by observation when it conflicts 
with the particle picture or “parable”, so the former seems 
to be very near “the truth about nature” {ibid , pp. 15, 9 
and ii). 

It may be objected that, in the address from which I have 
quoted, Jeans is scornful of such phrases as “materialism is 
dead” {ibid., p 15), though Whetham’s History of Science 
(p. 470) can hardly be included in “ crisp, snappy sentences 
beloved of scientific journalism ” But Jeans says that “the 
wave picture . . exhibits a complete deterimmsm ” How- 
ever, he partially solves tlie dilemma by pointing out that 
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“Nature no longer forms a closed system”; and “part of 
the compulsion may originate in our own minds” {ibid, 
p. 13) He is not sure “whether the determinism of the 
wave-picture originates in the underlying reality or not”, 
and believes that the problem of free-will will never be 
decided But, while tlie old physics seemed to show that 
free-will was an illusion, “tlie new physics tells us it may not 
be” {ibid , p 14) He suggests that a solution may be given 
by what General Smuts terms “holism” {cf ni(i), i, ii); 
for a beam of light or shower of electrons is probably a truer 
concept than the “atomicity” of photons or electrons 
{ibid , p 15). Further than this, unlike Eddington, he will 
not go But It seems clear that he does not contradict the 
more defimte statements of Eddington and Whetham. 

Eddington states “It is a consequence of the advent of 
the quantum theory that physics is no longer pledged to a scheme 
of deterministic law ” This, he points out, follows from tlie 
Principle of Indeterminacy, based on the mathematical work 
of Heisenberg and Schrodinger, which Eddington summarises 
as “a particle may have position or it may have velocity 
but it cannot in any exact sense have both.” So the future 
is unpredictable {The Pfature of the Physical World, pp. 294-5, 
220 seq.', cf Whetham, op. cit , pp. 268, 470).^ 

Einstein hopes that a determinism or “strict causality” 
similar to that of the Newtoman system may be restored 
some day, somehow (Eddington, op cit , p 294). But 
Whetham considers that from what we know, as distinct 
from what some people may hope, fundamental in- 
determinacy is also “reached by way of the doctrine of rela- 
tivity. . . Physical reality is reduced to a set of Hamiltonian 

equations. The old materiahsm is dead” {op cit , p. 470). 

Eddington places the laws of nature in three classes; 
(i) identical laws, (2) statistical laws, (3) transcendental 
laws. The first are “mathematical identities”, wliich 
“cannot be regarded as genuine laws of control of the basal 
material of the world ” The “apparent uniformity of nature” 
is largely “a uniformity of averages”, which “might well be 
compatible with a great degree of lawlessness of the in- 
dividual.” The peculiar element represented by statistical 
^ Cf. Dr. G. G Darwin, F.R.S., Adn. of Sei., 1938. 
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laws does not seem to be found in “ any of the current con- 
ceptions of the world substratum ” “ If there are any genmne 
laws of control of the physical world they must be sought 
in the tianscendcntal laws” of the atomicity of matter, elec- 
tricity, and “action.” Eddington concludes by quoting, like 
Jeans {op cit , p. 3), Kronecker’s view of pure mathematics — 
“God made the integers, all else is the work of man” {tbid., 
pp. 244-6). In his final summary he states that “strict 
causality is abandoned in the material world” and probably 
permanently {ibid, p 332). He and Jeans apply this 
abandonment of delermimsm only to the freedom of the 
mind; but the collapse of “the old materialism” may also 
be applied to general biology. If the physical basis of 
deterrmmsm or “materialism” is undermined, mechanism 
has no a priori right of rule in biology, and so the vitalistic 
outlook is justified except for such abstracted phenomena as 
can be reasonably dealt with by physico-chemical methods 
{cf. Woodger, ibid., p 320). 

It is well to recall here the limitations of inductive science, 
on the exact accuracy of which determinism was based. 
Actually, tliough the probability may be enormous, induction 
can reach probability only, never certainty. In any given 
case or “law” the degree of probability attained must be 
judged on its merits Modern experience has confirmed in 
many examples the theoretical criticisms of induction made 
by Hume, Keynes, and others {cf. III(^), i, 1; and Wolf, 
Textbook of Logic, pp. 305-10). 

(iv) Possible Imitations of the conservation of energy. 

This principle has been so well substantiated and is so 
generally accepted, both by theorists and by engineers and 
other practical people, that its reliability has been assumed 
throughout this book; while its establishment has been duly 
noted as a “blow” to the uncritical vitalism of the preceding 
period {cf 11(6), ii). 

But it is well to note that there may be limits even to this 
great principle, which h2is accorded so gratefully with 
materialism and “scientific naturalism.” 

Jeans {Advancement of Science, 1934, p. ii) points out that, 
out of many electrons with a small voltage, a few will sur- 
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mount an enormously greater advcise potential; which 
disagrees with the great “law”, to which, theoretically, there 
should be no exceptions. As long ago as 1904 Whetham 
challenged the then almost universally accepted laws of 
conservation of matter and energy “Momentum and 
entropy,” he wrote, “arc only conserved under restricted 
conditions”; it was “dangerous to assign loo much philo- 
sophic importance to these principles of persistence” 
[Rmt Bmh^mnts of Phjml Scima^ 5lh edn , 1924, p. 39). 

The work ofAtwater and Benedict,! B Wood, and others 
showed that the human body obeyed the principle of con- 
servation of energy; “if, as is probable, intellectual work or 
other uncounted activities use up energy, the amount must 
be small,” Whetham concludes (Histoij of Seme, pp. 
279-80). But even this small probability must not be lost 
sight of. The discovery of the inert gases was due to Lord 
Rayleigh’s attention to minute differences m measurements, 
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VARIOUS BACKGROUNDS OF BIOLOGICAL 
THEORIES 

(i) National characteristics or backgrounds of thought. 

The characteristics which will be briefly considered here 
are those of certain European nations; several admirable 
smaller ones among them must be omitted for lack of space. 
Although modern original work in various branches of science 
is being done by some Indians and Japanese who follow 
“Western” methods, the history of science is actually a 
history of the thought and experiment of some of the 
nations of Europe, with relatively small additions from their 
descendants in tire British Dominions and the Umted States. 
The vastly greater populations in otlier continents have 
contributed little or nothing. This historical fact has been 
noted by Ball {History of Mathematics^ pp 8-io, 162-3), 
Fleming {Origin of Mankind, pp. I34.-5), Merz {History of 
European Thought, vol i), and Whetham, who says. 

“Philosophers have declared that men are born equal. 
The naturalist knows that statement to be untrue. . . . The 
unequal distribution of illustrious men among the nations is 
a biological fact. France, Great Britain, Italy, Germany, 
and some smaller groups, have since the revival of learning 
contributed many such men . . The inferiority of the 
proletariat nations becomes still more mamfest” {op. cit., 
P- 358). 

This IS not contradicted by the truth so exquisitely phrased 
by the poet Gray. Flowers and gems, known or unknown, 
occur in suitable habitats. 

The sigmficance of national modes of thought and outlook 
with regard to scientific problems, especially those con- 
nected with philosophy, is also well brought out by Whetham 
in his admirable History of Science and its Relations with Phil- 
osoply and Religion (2nd edn , 1930). 
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J. Needham has observed that “certain types of research 
flourish especially in certain countries at certain times”, 
he quotes Germany for amphibian and expeiimcntal em- 
bryology, the U S.A. for invertebrate and comparative 
embryology, and now Russia and Poland for “causal mor- 
phology” [Science Progress, July, 1936, p 52) But wider 
differences than these exist 

As in Russia in 1917, the revolution in France in 1793 was 
largely hostile to intellectual leaders But the new French 
rulers soon reahsed their need of science, and “in the early 
years of the mneteenth century the scientific centre of the 
world was Pans ” The Academy was reopened, with 
Cuvier as its permanent secretary under Napoleon, and the 
close connection between science and literature that had been 
the glory of France in the eighteenth century was regained 
(Whetham, pp. 309-10, cf Merz, 1) 

Cuvier’s powerful influence was a double one He pro- 
moted the progress of science in general and palaeontology 
in particular. Also, he opposed the loose ideas of the period 
about evolution so successfully that for long after his death 
Frenchmen were slow to adopt transformism, especially 
Darwin’s exposition thereof [cf. From the Greeks to Dai win, pp 
195-6, 202-4) On the other hand, according to McDougall, 
modern French biologists arc exceptionally sympathetic 
to the evolutionary ideas of the Frenchman Lamarck 
[Biology and the Sciences of Life, p 179). French biology has a 
national tinge, 

German thought in the early decades of the nineteenth 
century was largely dominated by nature-philosophy 
Despite some able discoveries by Goethe and others, this 
was mainly a mass of deduction from fanciful theories. But 
from about 1830 regular scientific procedure was followed in 
Germany, and for several decades the progress of botany was 
almost entirely in the hands of Germans, such as Nageli, 
von Mohl, and Hofmeister (Sachs, History of Botany, Part I). 
Then from i860 or so German biology was again dominated 
by the excessive cult of a philosophic idea, this time Darwin- 
ismus, despite the opposition of von Hartmann, Nageli, 
Elmer, von Baer and others. This is also illustrated by the 
whole history of German kultur and politics from about i860 
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till tlie Great War, as V. Kellogg has shown (Woodger, 
op ctt , pp. 474-5; (f.H. S. Chamberlain’s Foundations of the 
Nineteenth Century, WhcLham, ibid , pp. 330, 341 ; and histones 
passim) But the modern reaction towards vitalism has been 
largely the result of the brilliant experimental work of the 
German Dricsch {cf Part III (a)), and is seen in otlier 
Germans such as Radi and Durken 

Russia has contributed several illustrious names to the 
history of science, though but few in proportion to its 
population if judged as a European country Its scientific 
work since the Revolution of 1917, though intensified in 
certain directions with a matenahstic bias, requires critical 
examination, especially as regards biology and freedom of 
thought 

Soviet Science, by J G Crowtlicr (1936), seems to promise 
smtable information, though it “contains little discussion on 
the relation of political freedom to scientific research and 
discovery” {op cit , p ix) Its first chapter praises Lenin as a 
writer on “the philosophy of physics”, and stresses the close 
connection between “s<J\iet science” and “dialectical 
materialism”, which means tlic plulosophy of the Jew Karl 
Marx, as amplified by F Engels, Lcmn and other Bol- 
sheviks; “Part VI” also refers This book is mainly occupied 
witli physical science and its practical applications Part V 
deals with biology, and gnes an interesting outline of the 
work and aspirations of Vavilov and his assistants 

The high-sounding, mysterious “dialectical materialism” 
upon which Crowther’s lauded soviet science is built, turns out 
to be nothing but Marx’s very crude and naive materialism, 
dating from the 1850’s (Cole, What Marx Really Meant, 
p. 287 seq ), plus an adaptation of Hegel’s idea of change 
{ibid., p 284 sef). to suit Marx’s obsession of a class struggle 
lasting till his “proletariat history” begins (ibid , p. 289 seq ). 
As Dean Matthews says, it is the only philosophy which has 
included a contradiction in its very tide {Modem Churchman, 
September, 1936, p. 234). 

How far Soviet Science really represents the general and 
scientific position in Russia, espeaally as regards biology, is 
shown by study of many authors of various nationalities, some 
formerly adherents of Bolshevism. 
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Karlgren [Bolshevist Russia, 1927) exposed llic tyranny of 
the new rulers (Ch 1), and the falsity of soviet claims made 
for cultural progress (Ch VIII), “natural science is allowed 
only if It starts from undiluted Darwimsm” and is useful to 
Commumst society, and non-Commumst scientists are 
oppressed and ill-treated [tbtd., pp 295-304) This was 
confirmed by Hindus [Humanity Upiooted, 1929, Ch. XIV), 
the life of tlic spetz, the professional man, is very circum- 
scribed, and the clergy do not share even their paltry 
privileges Recent confirmation of the wholesale atrocities, 
oppressions, and falsehoods of the disciples of “ dialectical 
materialism” are given by Chamberlin [Russia’s Iron Age, 

1935, Ch. VIII), Lazarcvski [Under the Bolshevik Uniform, 

1936, Ch VI), and Panait Istrati [Russia Unveiled, 1931). 
Chamberlin notes that elementary schools have improved, 
but emphasises the obliteiation of um\cisitics (Ch XV); 
and describes the virulent official war against religion 
in the schools and outside, and the attempts to conceal 
it from outsiders (Cli. XVI) Lazarevski stresses the 
soviets’ implacable hatred of religion, their muiders of 
thousands of clergy, and perversions of education (Ch III), 
while Istrati dwells on the stupidity of their dupes in otlier 
countries. 

To sum up’ the leaders of Russia’s dominant oligarchy 
have been personally prominent in the “anti-God” cam- 
paign. Lunatcarsky, late Commissar for Education, ex- 
pressed such sentiments as, “We hate Christians . . . Down 
with love of one’s neighbour” [Action, 3rd September 1936). 
There remains a strong Communist influence against re- 
ligion and for atheism and materialism, and consequently 
against the non-deterministic and vitalistic movements 
typical of modern science and philosophy in such countries 
as Great Britain where tliought and its expression are free 
[cf. III(A), III(c), I, and 111 (d). So biologists in Russia are 
subject to strong mechanistic influences, and their expression 
of contrary ideas is difficult and even dangerous.^ Only in 

’ The reviewer of Golomshtok’s Old Slone A^e in European Russia frequently 
refers to the effect on the palaeontological views of Russian scientists of the 
communist “materialistic interpretation of history” and "the evolutionary 
materialistic explanation of cultural changes ” (Etdlure, 15th Oct 1938, 693 rcf). 

OP correspondence. The Author, Spring number, 1939. 
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1936 Berdyaev, the historian, had to leave Russia for this 
reason. 

The interactions of Roman Catholicism with science are 
complex, and are often presented from a biased point of 
view. Roman Catholic apologists represent that Church as 
conserving knowledge during the barbarous Dark Ages and 
in later times welcoimng scientific truth as against some 
scientists’ impious and inaccurate theories. The “ rationalist” 
school dwells upon the horrors of the Inquisition and the 
undoubted political tyranny which Rome has employed 
whenever possible to crush religious and scientific views other 
than its own, and naturally finds in the “Index” a bar to 
freedom of thought (e g Bury, History of Freedom of Thought — 
a very prejudiced book). 

The Roman Catholic record of persecution and political 
intrigue is a scandalous one; but tlie interactions of Romanism 
with sacnce arc not properly represented by either ex- 
trermst view. Individuals, including Descartes, Desjardins, 
Mivart, and Pasteur, have combmed biological research with 
gemyne belief in Roman Catholic doctrine. A fair presenta- 
tion of the position as regards orgamc evolution is given by 
Osborn in From the Greeks to Darwin, Ch. III. 

Yet the fact remains that, ever since the hardening of 
Roman Catholic teaching in the sixteenth century, the posi- 
tion of scientific thinkers in countries dominated by the 
Roman Catholic Church has been one of great difficulty; the 
usual alternative in such countries as F ranee and Spain has been 
an agnostic or even atheistic materialism which challenged or 
demed any spiritual interpretation of the cosmos. This clash 
is peculiarly severe as regards biology, taken in a wide sense, 
and Sir B. Windle’s clever effort to reconcile scholasticism 
with evolution has had few followers. Mivart was excom- 
municated. However, it would be a serious mistake to 
regard all Roman Catholics as pledged to a narrow “funda- 
mentalist” position; at the present day their astronomers take 
an honoured part in the discussion of cosmic problems, and 
such priests as Schmidt and Schebesta deal with anthropology 
with apparently no greater inhibitions than those imposed on 
other researchers by an a pttori mechamst philosophy. 
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No one has summarised the British outlook on science and 
the allied problems of philosophy and religion, its essential 
reasonableness and its, to many continental observers, 
puzzling lack of consistency, better than Whetham Though 
Newton was essentially a son of Cambridge, he docs not 
invalidate Whetliam’s claim that “ perhaps the most striking 
peculiarity of English science has been its individualist 
spirit, and the frequency with wluch work of brilliant genius 
has been done by those of no academic position" [op. cit., 
p. 310, cf Merz, op. cit , 1, III) 

Whetham gives many illustrations for his thesis Empirical 
psychology came naturally to the “common-sense” outlook 
of Englishmen and Scotsmen who were able to follow a line 
of thought “as far as it proved practically useful, without 
reference to its apparent logical effect on other subjects. . . . 
In physiology and experimental psychology it is necessary to 
suppose that animals are subject to . . physical and 
chemical principles, and that man is a machine. . . But 
when continental pseudo-logicians argued that this useful 
working assumption represented reality, and that man is 
nothing but a machine, the British . saw that though 
it was in accordance with one set of facts, it did not agree 
witli another, and they were qmte content to regard man as a 
machine in the physiological laboratory, as a being possessing 
free will and responsibility when iJiey met him in the ordinary 
affairs of life, and as an immortal soul when they went to 
church. . . . This characteristic British attitude of mind . . . 
though It seems illogicsd to continental minds . . . may still 
be the true scientific attitude. ... At the present time 
(1929) physics ... IS using two fundamental theories appar- 
ently quite inconsistent with each other, tlius perhaps 
justifying the British habit of mind” (Whetham, op. at, 

' PP- 324-5) ■ 

This passage, with which I heartily agree in the main, can 
be substantiated from non-British authors of unquestioned 
eminence. For instance, Driesch, formerly President of the 
London Soaety for Psychical Research, wrote witli reference 
to this debatable subject, “A model for the conduct of 
such polemics is provided by the Enghsh writers” {P^chic 
Research, p. 4). 
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Needless to say, it is not claimed that all British scientists 
possess these admirable quahtics, or that they are unknown 
outside the British Isles ; and their continuance is threatened 
by a dysgenic birth-rate {cf. R A. Fisher, Whetham, Dean 
Inge, etc.). 

(ii) Personal beliefs of biologists, philosophical, religious, or 
anti-religious 

Against national, popular, or ecclesiastical ideas individuals 
have been in constant conflict Sometimes they were successful 
during their lifetime; sometimes recogmtion and triumph 
were posthumous. But we must guard against the insidious 
fallacy that the individual thinker is usually right and popular 
belief wrong. For every one man who figures as a hero in 
history, scientific or general, because he corrected contem- 
porary error, there are scores who have rightly sunk into 
oblivion, victims of some fixed idea who failed to appreciate 
what the majority had accepted on solid grounds as correct. 
Between these two classes — the few in advance of their period 
and the many behind it — come those who achieved success 
for ideas which later were found to be false. Examples of all 
these types abound in the history of science. 

Here we consider the effects of non-scientific beliefs of 
biologists upon tlieir attitude towards biological theories. 
Such beliefs may be due to many causes In Part n(a) the 
general belief of Christians m the seventeenth and eighteenth 
centuries in a literal interpretation of the first chapters of 
Genesis has been discussed as leading not only to erroneous 
views about geology but to a non-critical acceptance of 
vitalism. At tliat period this was a European background of 
thought, winch is not now the case. But while scientists can 
have no sympathy with the legal prohibition of evolutionary 
teaching in Tennessee, U.S.A , tliere are some well qualified 
medical and scientific men in Britain who, for historical, 
personal, and archaeological reasons, accept the teaching of 
the Bible as true in all important respects and so argue that 
its earliest records are likely to be substantially true too. 
This view has lately been ably expressed by Sir Ambrose 
Fleming, F.R.S , in The Origin of Mankind (1935). The net 
result is tliat, as regards biology, a striking resemblance is 



226 


VITALISM 


reached to the views of Professor Berg, aJtliough the latter 
omits reference to a Creator {cf. ni(i), 3, in). 

Driesch ( 111 (a)), Wallace (II(«/), u), and McDougall 
(III, 2, 111), are examples of eminent scientists whose outlook, 
in their early days profoundly materiahstic, has changed to 
one which can be broadly described as vitalistic in biology 
and religious in general Belief in vitalism then may be 
forced on a mechanist by study of biology, as illustrated in 
the arguments of Driesch and Durken; but it comes more 
easily to those who are already influenced by ideas outside 
the orthodox boundaries of science, whether religious, as 
for Sir A. Fleming and Ins friends, or psychological, as for 
McDougall and Wallace. 

Either physics and chemistry explain everything, as in 
Haeckel’s momstic “philosophy”, or they do not To those 
who believe in peculiar spiritual and mental capabilities in 
Man and in the need for a Creator of at least the beginmngs 
of energy and/or matter and of life — whatever the exact 
mode of creation may have been {cf Fleming, op cit , 
pp. 21-2), it is natural that hfe phenomena which do not 
agree with inorgamc “laws” should be of a separate, vital 
or vitalistic order, just as in chemistry we deal with arrange- 
ments different to those concerned in physical changes 
{cf 2). 

Scientists such as Newton, Faraday, Kelvin and others 
already mentioned, pursue knowledge with the usual methods 
as far as possible, with, of course, the underlying assumption 
that the universe is rational and orderly on the whole {cf. 
A Wolf, Textbook of Logic, Ch. XXIII) But if they seem to 
come up against a dead end, impenetrable by orthodox, 
restricted scientific methods, they admit the possibility of 
other factors and do not try to force a gallon into a pint pot. 

On the other hand, biologists are, after all, simply human 
beings like other men and women. To some of diem the 
traditional arguments for the existence of God seem weak 
and unsound; for various reasons religion appears to have 
nothing that has not been put in by Man himself; they have 
no personal knowledge of that validity of religious experience 
of which, Whetham considers {op. at., p. 485; cf III(</), 2, iv, 
No 13) science must take account. Over a wide field, even 
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a widening field, mechanistic methods operate successfully 
and m a manner which appeals strongly to the merhamrally 
nunded men who — all honour to them — play such a large 
part in the development of science and in the necessary 
destruction of much mental rubbish and superstition which 
have clogged progress in the past in science, religion, 
philosophy and practical human affairs. 

Often, as for laboratory workers whose studies are re- 
stricted to interesting but limited fields, biology presents 
itself as a branch of physics and chemistry; and so all hangs 
together and suggestions for other considerations may appear 
unnecessary or fallacious 

There is an illuminating passage in Haeckel’s Wonders of 
Life, p 443 As a lad young Ernst was given materialistic 
teaching, akin to transubstantiation, about the Lord’s Supper 
by a Lutheran mimster, whom he admired greatly. He 
formed the impression that abnormal physical sensations 
would be perceptible, which, of course, he did not experience. 
Though his parents managed to assuage his “want of faith” 
at the time it is highly probable that his adult atheism and 
materialism wcie due to the erroneous religious instruction 
he received in his early years. A R Wallace experienced 
something of the same nature [cj My Life, ii, 349) . 

So individual biologists depart from the current views of 
their predecessors and contemporaries Haeckel, Schwann, 
and other mneteenth-century naturalists who began as 
pupils of J Muller headed the movement away from the 
vitalism of their master; in a later generation, m the same 
country, Driesch and Radi similarly turned against the 
mechanistic monism of Haeckel 

In palaeontology we have a mixture of biology and 
physical geology, anatomical knowledge of a fossil is of little 
importance unless the formation in which it occurred is also 
known, as various recent controversies about human remains 
have shown. The influence of palaeontology upon the 
evolutionary ideas of biologists has varied greatly. Darwin 
was profoundly affected by the umforimtanan ideas which 
Lyell developed after Hutton; and so are many neo- 
Darwinians, though nowadays umformitarianism is less rigor- 
ously held than in Darwin’s day. On the other hand, Berg, 
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Broom, Tanslcy, Scott and other students of palaeontology 
find its evidence for “Darwimsm” unconvincing, and draw 
conclusions favourable to a more definitely vitahstic outlook 

Passing reference may be made here to the important 
effect of travel, not of mere transit but of prolonged residence 
in various parts of the world, upon the ideas of individual 
biologists. Linnaeus travelled extensively in Northern 
Europe The overseas researches of Darwin, Wallace, 
Hooker, T H. Huxley and otliers had a great effect on 
evoking not only the biological application of Malthus’ idea 
of natural selection from Man to all plants and animals but 
a philosophic view of the complexity of the species problem 
in space as well as in time 

An allied problem is really philosophical, but it sometimes 
affects people’s views of biological theory — tlie problem of 
pain. If, as has often been movingly urged, ammals have 
for enormous ages experienced dreadful suffering, if they are 
haunted by fears of death and pain for themselves or others 
such as human beings can experience, this is a philosophic 
argument for mechanism; sentient beings are the miserable 
prey of blind forces of nature. This conception has often 
been put forward by people with more sentimentality than 
sense; in its extreme form it is anthropomorphism verging 
upon animism, for human powers of thought and feeling are 
attributed to animals with very elementary nervous systems. 
Yet its propagandists can claim at least one great biologist on 
their side — T. H Huxley {Nineteenth Century, February 1888, 
pp. 162-3). 

The fundamental inaccuracy of such opinions has been 
admirably exposed by Wallace, who quotes Darwin to good 
effect {World of Life, Ch XIX). Yet on this subject both 
write as orthodox Darwinians The explanation of this 
diversity seems to me to lie in personal, non-scientific 
experience. T. H. Huxley’s health was poor and so were his 
finances when he was young. Wallace possessed remarkable 
vitality and also was able to take a consolatory view of his 
own pecuniary difficulties owing to his eventual belief in 
man’s nature as essentially spiritual {My Life, i, 15 and 
Ch. XXXIX) Darwin was always well-to-do, and as a young 
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man was physically robust Huxley was led by his non- 
scicntific beliefs to project into tlic animal kingdom a great 
deal of misery which, as Wallace has shown, docs not actually 
exist Pain and discomfort there arc undoubtedly, but not 
more than is necessary to promote safety and, probably, 
progress; while the capacity for enjoyment proceeds pan passu 
with tlie capacity for pain 

This view is, firstly, in accord with tlic facts, which is what 
matters most Secondly, it weakens or even destroys a 
metaphysical argument used to buttress mechamsm Thirdly, 
in my opinion, it agrees with the modern vitalism described 
in Part Ill(d) below. 

(lii) Conclusion Vitalistic or mechanistic judgements in Biology 
are laigely deiet mined by non-scientijic beliefs or prejudices 

The history of biology, as of medicine — ^like the general 
history of mankind, according to Carlyle — is largely that of 
great men. Harvey, G F Wolff, Jenner, Pasteur, Lister, 
Darwin, Wallace and others got ideas in advance of their 
fellows, and sooner or later these ideas became generally 
acc«jptcd, though their exponents were often met with criti- 
cism and opposition, even in the scientific circles of their 
time, notably from the ultra-conservative medical profession; 
others, like Cameiarius and Mendel, suffered neglect and 
contempt 

But the average biologist, however intelligent and single- 
minded he be, is likely to be affected by the background of 
thought of his peiiod, particularly as displayed in his own 
nation. Sometimes this background is dominated by a 
scientific theory, e g Darwinismus, sometimes by religious or 
anti-religious bias; partly it is due to national modes of 
thought, which may be too narrowly logical or insufficiently 
critical, or tainted witli pohtical or racial feehng There is 
always a hard scientific orthodoxy, which opposes research 
outside certain limits which are supposed to contain all the 
subject matter of science. In biology, as distinct from physical 
sciences, it is difficult for tlie thinker to be unaffected by his 
general metaphysical ideas and his general knowledge and 
ignorance; for biology must involve his ideas about Man 
Like J. Needham he may make an artificial boundary to 

a. 
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suit his convenience or taste; but this distinction cannot be 
maintained when biology comes into contact with palae- 
ontology, anthropology and so on. Dr Needham may be able 
to join in the liturgy one day and study mechamstic bio- 
chemistry on another; but his brother physiologists will 
enquire curiously whether a taste for religion is due to the 
hormonic influence of some peculiar chemical in Dr Need- 
ham’s make-up or to some other factor which his limited 
biology should take account of but cannot 

So judgements as to whether the whole of the subject- 
matter of the science of life is explicable by mechanism or 
whether it involves other elements too may be partly based 
on biological data, such as those derived from study of 
development [cf IH(a) and III(6), 3, v); but partly they will 
be determined for each thinker by his non-biological beliefs, 
prejudices and experiences. Woodger has emphasised the 
trouble caused m biology by “ antitheses resulting from sub- 
jective influences” (iW, p 269) So biology sJiouId be 
correlated as widely as possible with alj branches of know- 
ledge and experience, whether deemed scientific at any 
particular period by the official exponents of “science” or 
not Otherwise biology will not really be biology at all. 



III(^) -CONCLUSION 


“However numerous our observations may be, yet if they only bear 
on one side of a question, they will never enable us to penetiate the 
essence of a natural phenomenon in its full significance ” 

Liebig (Animal Chemistry, 1842 ; Preface, xviii.) 


CHAPTER 1 

REVIVAL OF CONCEPT OF THE ORGANISM, AND 
OF THE VALIDITY OF “NATURAL HISTORY” 

(1) General, and Johnstone's Philosophy of Biology 
The modern revival of tlie concept of the organism as a 
unity, as stressed by Durken {cf Ill(i), 3, v), is connetted 
with the anti-mechamstic biolog) of Driesch and tlie hormic 
ideas ,of McDougall and otheis But it reaches back to that 
fundamental studv of living cieaturcs m tlieir environment 
which was maintained by Fabre and Wallace {cf II (</)), 
used bv Darwin, Belt, Bates and F Muller, by R Blown, 
Hooker and other botamsts, b> Linnaeus, Belon, Rondelet, 
Gesner, by old Aristotle and some wiiteis of tlie Old Testa- 
ment, and even bv the ancient aitists who painted faithful 
studies of beasts, birds and fishes amid conventional human 
figures in the great queen’s temple at Deir el Bahri, Egypt, 
and on the w alls of Bab) Ion and other mighty cities of the 
past. 

The need for considci ation of “the whole organism” in 
physiology was well maintamcd by J S Haldane, the 
vitalistic import of his ideas being stressed by Singer, the 
historian of medicine and biology [History of Biology, pp. 
406-8). 

James Johnstone’s Philosophy of Biology, written in 1913, 
occupies an interesting half-way position between early 
twentieth-century vitalism and its subsequent developments. 
Though he pays tiibute to tlie importance of physico- 

331 
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chemical methods in physiology he shows clearly that these 
methods are insufficient to account for the activities of the 
whole organism [op ett , pp 109, 113, 273) The vitahstic 
import of ammal embryology is enforced by apt quotations 
from T. H. Morgan, “anything but a vitalist” {ibid , p. 143), 
and Loeb’s theories are agam well ciiticised [ibid., pp 146-7, 
181 seq) 

Many reasons for rejecting mechanism and adopting 
vitalism are given, though not always clearly {e g. ibid , pp. 
278-9); but the entropy argument is well used, with ex- 
tension to the movements of dominant ammal groups {ibid , 
pp. 310-18); and the “formal description of the organism” 
gives an interesting summary of many vitahstic arguments 
{ibid., pp. 331-7). 

In The Mechanism of Life (1921) Johnstone gives in simple 
language a good historical account of energy and its tians- 
formations and of the mechames of the animal body {op cit , 
Clis. I-VII), though always with the whole life of the 
orgamsm kept in view in a way often lacking in textbooks 
on physiology In Chapter X science is defined in a mechan- 
istic way; but he shows that m animals there is an ascending 
scale of spontaneousness or consciousness, traceable from 
plant and other tropisms, through invertebrates, lower 
vertebrates, and “spinal” animals, up to what we find m 
unmutilated higher vertebrates and in Man {ibid , Ch VIII). 
So animal behaviour is increasingly spontaneous, and con- 
flicts with the determirasm found in inorganic nature and 
in the simple reflexes of lowly organisms {ibid , pp. 171, 
174). “Indeterminism of response” is developed some- 
where in the ascending scale of living things; though its 
occurrence in “the typical plant organism” is dubious 
(iW,p 139). 

He supports Driesch in his criticism of the conservation of 
energy as an “a priori" law of our mentality rather than a 
physical one {ibid , p. 194). But he here objects to Driesch’s 
entelechy and other neo-vitalistic “agencies that cannot be 
investigated” {ibid., pp. 193, 215); yet he then aigues for a 
“life intuition”, which he cannot define; though it is “non- 
energetic, non-measurable, and is not conserved" {ibid., pp. 
223-4). So Driesch’s experimental proofs for vitalism are 
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ignored, while the most negative and unsatisfactory features 
of his entelechy doctrine arc retained' 

Johnstone’s ideas of infimtc time and possible reversal of 
entropy are out of date {cf III(<i), 2, 11) and lead nowhere 
as regards his biological quest, yet “we have ... to find 
some concept which will be special to the phenomena we call 
vital ones”, and this “vital” concept he now finds in the 
retardation of the increase of entropy [cf lll(c), i, ii). 

This book is as unfavourable to Driesch as his first was 
favourable. But he still quotes Bergson, though less whole- 
heartedly. 

(ii) The present position, Hopkins and the concept of “Organisa- 
tion", J. Gray and the “living oiganism”; E S. Russell, 
animal behaviom and natural histoiy 

The modern return to the “whole” or organism concept 
is excellently illustrated in tlie presidential addresses delivered 
to the British Association and its Zoology Section in recent 
years. 

In 1931, its centenaiy year, tlie presidential address was 
given by General Smuts Whatever may be thought of his 
particular theory of wholes, his selection as president of this 
important meeting is sigmficant, for he represents an anti- 
mechanical view of things in general which is typical of most 
modern scientific thought. In his “scientific world picture” 
life and mind are sticsscd as independent, with an autonomy 
subject only to a general extension to all phenomena of the 
concept of orgamsm. This is not vitalism [cf III ( 4 ), i, 11); 
but recognition of a considerable autonomy for life and mind 
comes close to tliat philosophical theory termed “emergent 
vitahsm” (III( 4 ), 1, 111) and is anti-mechanistic. 

The views now to be considered are those of experts in 
various branches of biology 

Sir F. Gowland Hopkins, P.R.S., in his address on “Some 
Chemical Aspects of Life”, after referring to “the arrest of 
energy degradation in living Nature” as “a primary bio- 
logical concept” [cf III(c), i, 11), said, “Related to it, and 
of equal importance, is the concept of Orgamsation” [Advance- 
ment of Science, 1933, p. 2). His account of biochemical 
research, he rightly claimed, did not raise the old merchanist- 
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vitalisl contiovcrsy; but his findings arc of considerable 
interest in this connection. 

Thus, his claim that biochemistry must “contribute to 
an adequate description of life is not to imply that a living 
orgamsm is no more than a physico-chemical system” {ibid., 
p. 4) He refers appreciatively to the “holistic” Centenary 
Address of General Smuts and to a subsequent one in which 
congruence is admitted between biochemistry and the view 
that “a pait m a whole is not the same as the part in isola- 
tion” [ibid, p 16). And, though he believes that chemical 
organisation alone accounts for the ability of every living 
cell “to maintain a dynamic indi\’iduality m diverse en- 
vironments”, “living cells display other attiibutes even more 
characteristic of themselves”, “they glow, multiply, inherit 
qualities and transmit them”, so, “it is not illogical to 
believe that such attributes arc based upon organisation 
at a level m some sense higher than tJic chemical level” {cf. 
III(c), I, i, above) But to distmguish such levels may be 
to abstract from reality, and, following Occam’s dictum, wc 
should be sure of the lirmtation of chemical agencies before 
seeking for “super-chemical organisms ” For instance, 
Spemann’s “organiser” may be “a hormone in essence”, 
widely distributed outside the embryo [ibid , pp 16-17). 

So Sir Gowland rightly stands for tlie interpretation of as 
much as is possible m 01 game life in terms of the simplest 
agents. But this review by the greatest living biochemist is, 
despite his disclaimer of indifference, distinctly favourable 
to vitalism. He concludes as follows : 

“If the biochemist should at any time be inclined to 
overrate the value of his contributions to biology, or to 
underrate the magnitude of problems outside his province, 
he will do well sometimes to leave the laboratory for the field, 
or to seek even in the museum a reminder of the infinity of 
adaptations of which hfe is capable.” 

And to Lord B. Russell’s typically pessimistic estimate of 
life as “from a cosmic point of view ... a very unimportant 
affair” Sir Gowland rephes that “it may be small in extent, 
but is the seat of all the most significant events” [ibid., 
pp. 17, 18). 

The addresses to the Zoology Sections of the British 
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Association in 1933 and 1934. both demonstrate in modem 
language the utter inadequacy of mechanistic views for 
biology. 

In 1933 Dr J Gray, F R S , discussed “The Mechanical 
View of Life ” He recognises with Haeckel the importance 
of the origin of life m this connection, but here we only note 
that he finds in biogenesis an argument for the autonomy of 
life {cf 11(c), 111) and pass on to his other reasons for regard- 
ing the organism as an independent unit and biology an 
independent science The whole paper deserves careful 
study An oiganised dynamic structure is the central 
charactciistic of living matter, and, being unknown in com- 
parable inanimate systems, must be regarded as a funda- 
mental attribute of living matter, alternatively, if the funda- 
mental umt of life is extremely small, statistical laws of 
physics seem as inapplicable here as they are to atoms of 
radium {Advancement of Science, 1933, pp 86-8) Arguments 
from modem experimental embiyology, impossible to con- 
dense, indicate that “the cell has an individuality of its own” 
and that the organism has a degree of complexity unknown 
in the physical world, is dynamic and essentially unstable, 
yet builds up instead of breaking down {ibid , pp. 90-1). 

“(i) An inlieient complexity of structure and (2) a 
dynamic potentiality of imtiating events” never or rarely 
found m inammatc systems arc inferences derived most clearly 
from embryology, but also from “another great sphere of 
experimental enquiry . a study of the relationship be- 
tween the fully grown orgamsm and its physical and chemical 
environment”, provided that attention is not concentrated 
on the physical events only {ibid , p 91) 

His summary is that : (1) the laws of physics are — at least 
at present — statistical only, they express probability and 
not absolute truth, so, if accepted for biology, their con- 
ventions must be accepted too, and excessively improbable 
events, such as abiogenesis, must be assumed not to have 
occurred; (ii) however, the development of an orgamsm 
involves processes without parallel in inanimate nature, so 
“it is dangerous to assume that the statistical laws of physics 
tan satisfactorily describe all biological events”; (iii) the 
fundamental unit of living matter is probably “extremely 
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smiiH” and contains “potentialities for change wliich are 
unique in tlie uiuveisc ” These must be accepted as 
“fundamental axioms” for biology As Niels Bohr says, the 
existence of hfe is an elemental y inexplicable fact, which 
“must be taken as a starting-point in biology”, like the 
quantum of action which is irrational according to classical 
mechanical physics, though forming, with the existence of 
elementary particles, tlie foundation of atomic physics; 
(iv) the zoologist, unhke the physiologist, cannot rcstiict his 
interest to “the physical properties of isolated organs”, but 
must remember the “‘intrinsic potentiality of the living 
organism ’” For the first of these studies all the resources of 
physics and chemistry must be used; for the second “biology 
must be the mistress — not the seivant — must make her own 
foundations and build on them fearlessly, picpared to change 
her views, if need be, but not prepared to force the wine of 
life into bottles designed for use in the simpler . . . Helds of 
chemical science.” 

Dr E. S. Russell, addressing the Zoological Section in 
1934 on “The Study of Beliaviour”, expressed entire agree- 
ment with Dr Gray’s view that the orgamsm possesses 
“properties and potentialities” not reducible to those shown 
at the chemical level, and that experimental biology should 
be moie concerned with the orgamsm as “a single living 
unity ” 

He then dealt with animal behaviour as a highly im- 
portant “whole-activity of the organism.” The zoologist 
must study behaviour “in the field”; animal ecology or 
bionomics is essential for the interpretation of laboratory 
experiments [Advancement of Science, 1934, p. 83). 

Despite much excellent work in scientific natural history, 
the study of animal behaviour has been much neglected in 
Britain; it has been treated as a laboratory subject, sub- 
ordinate to physiology or psychology. And the fault is 
largely due to biology following belatedly the mind-body 
dualism of Descartes Biology still suffers from “the classical 
doctrine of materialism”, which other branches of science 
and philosophy have outgrown [ibid., pp. 84-8). Russell, 
with Koffka and others, rejects the conditioned reflex 
explanation of Pavlov as (1) based on pure hypothesis. 
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derived from Cartesian metaphysics, and (u) not harmon- 
ising with “the simplest facts of observation” {ibid, p 95). 
With tins fundamental criticism I agree entirely; it also 
applies to much of Loeb’s work E S Russell’s powerful 
criticisms of Descartes and Pavlov are summarised in 
Parts I(i), i, i, and Ill(i), 3, u Here we are concerned 
with his positive statements. 

He follows Whitehead in regarding matter and mind as 
abstractions, and turns to individual experience which in- 
volves “only the perceiving subject and his objective world”, 
which, of course, includes smell, colour, and all the quahties 
which philosophic “materialists” abstract from it. Zoologists 
must study ammals in action, and accept “ the obvious facts 
at their face value” {ibid , pp 86-8) 

Thus, “living matter” has no existence except in actual 
organisms, and each living thing passes through a cycle of 
activity, normally comprising development, reproduction 
and senescence leading to death. Time is involved in the 
definition of an organism too — a “‘dynamic pattern in 
time’” (Coghill) Russell boirows from C S. Myers {The 
Absurdity of any Mind-Body Relation, 1932) the word “direc- 
tive” to describe the quality of vital processes, whether 
conscious as in ourselves or as found in developing embryos. 
The idea of purposivcncss is immaterial “from our simple 
objective point of view ” Behaviour, he maintains, is “simply 
one form of the general directive activity of the orgamsm”, 
and IS seen better in animals than in plants, for typical 
animals can respond to environmental changes and satisfy 
their needs by movement, but plants show it equally well in 
the “general sense” {ibid., pp. 88-9) 

According to E S. Russell, the modern concept of 
“orgamsm” avoids both mechanism and vitalism {cf Hopkins 
above), as it ignores tlic concepts of matter and mmd. But 
though molecules and atoms are “organised systems”, he does 
not agree with those who see no essential difference between 
organic and inorgamc “unities” {cf. III( 4 ), i, ii, Whitehead; 
and hi, LI. Morgan). Though all are systems or “wholes”, 
the living orgamsm possesses characteristics “which are 
lacking in inorgamc systems”, for instance “the weaving 
together in one cyclical process of the master functions of 
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maintenance, development and reproduction,” and “their 
constant drive towards a normal and specific end ” This 
view, he says, makes no real distinction between life and 
mind, between vital and mental or psychical activities {ibid , 
p-go). 

Physiological analysis is useful in its own way, but “the 
study of the whole, as in behaviour, cannot be adequately 
replaced by the study of the parts in isolation ... A good 
deal of what ranks nowadays as experimental biology is not 
biology at all, but physico-chemical research carried out on 
organic systems” {ibid , p. 92) “Straight natural history in 
the old sense”, the study of the “habits” of animals, linked 
with modern ecology, is the basis for detailed study of be- 
haviour, and the clue to much observed under artificial, 
laboratory conditions. 

The address is illustrated by accounts of actual studies. 
Thus, a caddis lar\a, if disturbed in various ways, uses 
different methods to restore its noimal relationship to its 
environment “The end is more constant than the method 
of reaching it” {ibid , p 93, cf Diiesch, p 115). But often, 
as in birds’ nesting arrangements, a directive activity com- 
plete in itself is also only one link in “ the long reproductive 
cycle”; “the whole lifc-cycle must be regarded as the 
primary thing”, and we must guard against the “inveterate 
tendency” of the human mind to separate elements of funda- 
mentally continuous processes. Events must be related to 
what follows, not only to what has gone before {ibid., p. 94). 

How IS behaviour initiated^ A large part of animal be- 
haviour IS response to needs, or deviations from the normal; 
it is influenced by events in the environment which the 
animal perceives and responds to, such as signs of danger or 
of food As regards perceptions, especially visual, by animals, 
“the whole trend of modern work ... is to show diat they 
do not normally respond to simple physico-chemical stimuli, 
but to more or less complex whole-situations.” This is 
illustrated by references to Kerens de Haan, Kohler, Kluver, 
and the Gestalt psychologists {ibid., pp 95-7). My own 
observations in the field, mostly tropical, agree {cf. p 85 
above) . 

Kussell sums up under two heads. Biology must free itself 
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from “ the limitations imposed upon it by a blind trust in the 
classical doctrine of materialism”; and a more concrete and 
adequate eoncept of the living organism as a “four-dimen- 
sional whole or direetive eyclical process” is necessary {ibid., 
p 98; Gray above). 

Though he repeats {ibid , pp go and 98) that this does not 
lead to “any form of dualistic vitalism”, the opposition of 
much modern biological thought to mechanism and mater- 
ialism cannot be more forcibly stated For he himself outlines 
admirably the distinction between organic and all inorganic 
“systems” and then uses the term “vital activities” in con- 
trast with physical ones {ibid , p 90) Also, the concept is 
exphcitly stated to exclude the conscious life of Man, which 
must, however, be allowed for in a complete theory of biology. 
Yet he admits tliat, in Man at least, the orgamsm can 
“perceive, strive feel and remember”, and that “terms of 
psychological implication” may be used, if necessary, to 
describe animal behaMoui, as we must refuse “to be bound 
or hampered by the metaphysical notion that the animal is 
merely a machine or can be treated as such” {ibid , p 91). 
Thus, m my opinion, the modem orgamsm concept, as 
expounded by E S Russell and others, is not only valid but 
defimtely vitalistic, particularly as regards animals, but also 
for plants {ibid , p 89) . He claims to go back to the outlook 
of Aristotle {ibid , p 90). 

It is, of course, essential to distinguish the study of animal 
beliaviour by E. S. Russell and other naturalists from the 
“behaviourism” dealt with in 111(6), 2, i 

Dr Russell’s views are given more fully in The Behaviour of 
Animals (1934) His excellent criticisms of the mechanistic 
methods of Pavlov and Loeb are well reinforced by an 
amusing quotation from Raymond Pearl {op at, p. ii). 
There is no reason why a mechanistic formulation of be- 
haviour problems should be accepted a pnon; and “no such 
thing as pure reflex action” in the normal behaviour of an 
intact ammal {ibid., pp. 11-12) This is supported by many 
examples; for instance, a bird confronted with a worm 
swallows It if feeding itself, but carries it to the nest if it 
has young; and so on. “The theory tliat the reflex arc is the 
basal umt of behaviour ... a favourite assumption of tlie 
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physiologist . . . receives little support from the facts of 
development Early behaviour does not arise through the 
addition and combination of originally separate reflexes.” 
“Maturation of beliaviour” too “is a phenomenon of 
growth and differentiation ” Instinctive behaviour and 
learmng are interwoven, as seen in an example of a young 
thrush breaking snail shells {ibid , pp 134-7) 

Russell’s “orgamsmal” point of view is based on the study 
of ammals in their natural surroundings, for tins, simple 
naive observations are most useful, though simple experiments 
smtable to the abilities of the creatures concerned, such as 
those of Kohler on chimpanzees, are also valuable {ibid, 
pp. g, 13-15, 154-9) With his appreciation of 

“good old-fashioncd natural history” as an aid in getting 
the animal’s point of view {ibid , pp 16-20) I heartily agree. 
Ecology explodes the results alleged to have been obtained 
from animals, often mutilated, kept m laboratories under 
unnatural conditions; animals arc ammals, not puppets, as 
well selected observations show {ibid., pp. 24-36). For 
example, tropisms or “purely physiological theory” are 
inadequate to account for the phenomena of fish spawmrg 
{ibid., pp 36-42). 

Thomdyke’s once influential mechanical or neural views 
concenung reactions m kittens and some other animals are 
soundly criticised. Learning is not simple reflex action but 
is due to conative effort; insight (D. K. Adams, 1931) alone 
shows that learmng does not depend upon repetition. All 
learning involves a goal or expectation, and does not occur 
without incentive. Though theories about learmng “are in 
a state of flux”, these suggestions probably point the way to 
success, especially if the significance of the perceptual field, 
not of single items such as appeal to the mind of man, is 
considered when deahng with beasts {ibid., pp. 150-51). 
This last matter is well discussed in the final chapter on 
“Perception {i.e. of whole situations) and Gestalt Theory.” 

“Instinctive Behaviour” is admirably considered in 
Chapters V and VI, with many suitable illustrations taken 
from R. W. G. Kingston’s Problems of Instinct and Intelligence 
(London), (1928). Though “insUnctive behaviour is char- 
acteristically specialised, stereotyped and Jittle susceptible of 
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adaptive modification”, instinct is not a special faculty, and 
there is no sharp line between instinctive and “intelligent or 
adaptive” behaviour [ibtd., pp 96-106) Many activities are 
anticipatory or, when necessary, autonomous. In fact, 
“behaviour is from the beginning a unified or integrated 
activity” {ibid , p. 131); separate reflexes appear later, for 
example in the movements of young Amblystomas and other 
vertebrates; and “this law holds good in the process of 
learning, which is a continuation of development”, at least in 
vertebrates, “a series of orgamsed attempts at solution”, 
“a systematic whole” {ibid ^ pp 133-4, ^ 47 ! Lashley, 
p. 148). 

The behaviour of animals as expounded here not only 
explodes mechanistic theories but demonstrates autonomy 
and so vitalism. The same is true of plant behaviour to a less 
extent {vide p. 237 above). 



CHAPTER 2 


MODERN VITALISM: ITS VALIDITY, 
NATURE, AND IMPORTANCE FOR BIOLOGY 

(i) Historical introduction to arguments for the validity of vitalism. 
The successive phases through which vitalism has passed, 
usually characterised by the pronouncement of definite 
vitalistic theories, have been outlined and compared above. 
Often there have been corresponding periods of mechanistic 
belief [cf Part 1 (c) In Part II this was seen to be true of the 
nineteenth as of preceding centuries It began with vitalism, 
vague but nughtily m tlie ascendant; liut in the second 
half mechanism dominated biological thought as scientific 
naturalism or determinism did scientific thought in general, 
and this despite the vitahstic conclusion of the biogenesis 
controversy and the sturdy independence of such first-r^te 
naturalists as Wallace and Fabrc In Part III I have at- 
tempted to deal with the latest phase, which is dated from 
the experimental results pubhshed by Driesch about 1895. 

His important influence upon biology has been discussed 
in Part III (a) In Ill(i) the reactions of modern philosophy, 
psychology and biological theory arc considered; and in 
III(c) the bearing upon biology of recent developments in 
physical science and those national and personal back- 
grounds of ideas which tend to influence the theoretical 
conclusions drawn by biologists from their observations and 
experiments. In this, the final sub-Part, describing the modern 
revival of the old ideas of the oiganism and of natural history, 
biology resumes the primary position it should have in a 
history of vitalism. 

A comprehensive or vitsdistic science of life must be 
correlated with what is known in other fields of enquiry; 
for It touches all the “abstract” sciences on its physical side, 
comprises the “descriptive” ones, and must take account of 
the knowledge of mankind and of knoivledge itself contributed 

24s 
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by psychology, philosophy, epistemology and similar studies 
{cf Mcrz, European Thought, u, pp 200-2 iG, 464, 467). 

The existing arguments for the validity of vitalism may 
therefore be grouped as follows 

A. I. The Cosmogenic Argument (section ii) 

B. Biological Arguments (section iii). 

2 Biogenesis (Wallace, Gray). 

3 Entropy, arrest of (Jeans, Eddington, Hopkins). 

4 Harmonious-cquipotential systems (Driesch). 

5. Complex-equipotential systems (Driesch) 

6. General autonomy and wholeness of adult or- 

gamsms; the Orgamsm or Natural History 

Argument (Aristotle, Wallace, Durken, J. Gray, 

E S Russell) 

7. Animal autonomy, sensation, or consciousness 

(Aristotle, Wallace, McDougall, Nunn). 

8 Internal orgamsation, enzymes, hormones, etc.; 

the Biochemical Argument (Hopkins and 

biochemists generally) 

9 Various Indicia (Driesch mainly). 

C. , Human Arguments (section iv) 

10. Human action (bchaviouristit) (Driesch). 

11 Autonomy of Mind (psychological) (Aristotle, 

Wallace, Bergson, McDougall, Jung) . 

12 Epistemology (philosophical). 

13 Religious expeiience (Whetham, McDougall, Merz, 

Whitehead, Bp Barnes). 

14 Psychic Research (Myers, Wallace, Barrett, Driesch, 

, McDougall) 

These arguments arc somewhat unequal in value Some, 
such as numbers 3, 4, 5, 6, 10 and 11, are well known, 
numbers 4, 5 and 10 being used by Driesch to prove that 
particular vitalistic agency which he calls entelechy, though 
I employ them to prove vitalism in general {cf. Ill (a), 
pp. 160-1). Others, such as numbers i, 8 and perhaps the 
Indicia in 9, have not, so far as I am aware, been used in this 
way before. The inclusion of Hopkins and Russell, who dis- 
claim support of vitalism, is deliberate, as their facts prove 
vitalism m my sense; the tendency in some quarters to de- 
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preciatc vitalism with mechanism is discussed in section v 
below. Except for Driesch’s Ihiee aigumcnts, which are due 
to him, the names in brackets only indicate prominent 
exponents of the views mentioned, whether as arguments for 
a vitalistic outlook or not; most of them have also been 
advocated by other great scientists 

Number i alone is not an independent proof, not even a 
proof at all, for vitalism, considered by itself. But it paves 
the way for the biogenesis argument, no 2, the psychological 
argument, no. ii, and for the vitahstic position generally. 
Otherwise, the arguments arc independent, and the failure 
of one or more could not affect the validity of the others. 
Numbers 13 and 14, though based on evidence outside the 
range of orthodox science, are placed here for convenience. 
The strictly scientific arguments for vitalism arc therefore 
numbers Q-12 inclusive 

It IS surprising that these arguments have been previously 
put forth only in isolation or in small groups, thus giving a 
meagre view of vitalism wluch has evoked widespiead dis- 
satisfaction {cj. sec. v) The specialist has only ventuicd to 
state what seemed valid in his own sphere of embryology, 
psychology, or what not This combination of vitalistic 
arguments, to which the future may make additions, has, I 
feel, a unity which adds to the weight of its independent 
components. 

(ii) No. I. — The Comogemc Argument (A). 

Fifty years ago T H. Huxley wrote: “It appears to me 
tliat the scientific investigator is wholly incompetent to say 
anything at all about the first ongin of the material universe. 
The whole power of his organon vanishes when he has to 
step beyond the chain of natural causes and effects No form 
of nebular hypothesis that I know of is necessarily connected 
with any view of the origination of the nebular substance” 
{Nineteenth Century, February, 1886; quoted by Inge, God and 
the Astronomers, p. 241). 

But the development of knowledge has led many of our 
greatest authorities beyond this simple agnosticism. Seven- 
teen years later Lord Kelvin wrote: “There is nothing 
between absolute scientific belief in a creative power, and the 



MODERN VITALISM 


245 

acceptance of the theory of a fortuitous concurrence of atoms. 
If you think strongly enough you will be forced by science to 
the belief m God which is the foundation of all religion” 
{Nineteenth Century, June, 1903; quoted by Inge, ibid, pp. 

233-4)- 

Materialistic guess-work would still like to contrive a uni- 
verse that is eternal and self-sufficient. But scientific people 
must take their knowledge of any subject from the experts 
in it. 

Sir James Jeans says • 

“Everything points with overwhelming force to a definite 
event, or series of events, of creation at some time or times, 
not infinitely remote [italics mine — L R W.]. The universe 
cannot have originated by chance out of its present 
ingredients, and neither can it have been always the same as 
now” {Eos, London, 1928, p. 55). And “. . . entropy ... is 
still increasing rapidly, and so must have had a beginning; 
there must have been what we may describe as a ‘creation’ 
at a time not infinitely remote.” Referring to recent con- 
cepts of matter and radiation, he adds, “These concepts 
reduce the whole universe to a world of light, potential or 
existent, so that the whole story of its creation can be told 
with perfect accuracy and completeness in the six words: 
‘God said, “Let there be light.”’ ” {The Mysterious Universe, 
London, 1930, pp. 144, 78). 

Sir Arthur Eddington supports Jeans, though he would 
keep religion out of his science if he could : 

“The beginning [of cosmic evolution] seems to present 
insuperable difficulties unless we agree to look on it as 
frankly supernatural . . I have referred elsewhere to the 
danger of limiting scientific investigation to a bounded 
domain” {The Expanding Unwerse, 1933, pp. 125 and 28; cf. 
Science and the Unseen World, 1929, esp. pp. 16-18). 

Sir W. C. Dampier-Whetham suggests Lord Kelvin’s 
alternative view, with a condition attached: “If infinite 
time is available, all unlikely things may happen” {^hid , 
p. 483). But, he admits such suggestions “are but random 
speculations.” For, according to all that competent astro- 
nomers adimt to be true, as far as we can believe anything in 
astronomy is true {cj. Eddington, op. cit., Ch. I, IV and 
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Ch IV, VII), the amount of time available, though ad- 
mittedly very great, is limited by the umversally accepted 
theory or law of entropy, and by the still debated theory of 
the expanding umverse. If the universe cannot unsort or 
rewind itself during this large but not “infinite” interval 
it is doomed to reach the condition of maximum entropy and 
to be finished from a mechamcal point of view 

The “beginning” then witnessed definite creative action 
by God, though not necessarily out of nothing {cf Fleming, 
The Origin of Mankind, p 22) And as that happened for 
“light”, including matter and radiation Jeans above), 
there is no reason why it should not have occurred again 
for the production of life and mind, both inexplicable other- 
wise {cf arguments 2 and 1 1 below). A vitahstic view ofhfe in 
general and mind in particular accords with that “absolute 
scientific belief in a creative power” which Kelvin pointed 
out IS the only alternative to tlie impossible theory of “a 
fortuitous concurrence of atoms”, or of radiationor what-not.^ 

(ill) Biological Arguments {B). No. s.- — Biogenesis. 

This has been thoroughly discussed in 11 (c) above. As 
Singer says, it gives biologists “a conception of the nature of 
life comparable to . the conservation of matter and of 
energy in the hands of the physicist”; to quote Bohr again, 
the existence of life is an inexplicable fact tliat “must be 
taken as a starting-point in biology ” Biogenesis is universally 
accepted by biologists under cill the conditions we know about, 
and the unreasonableness of its hypothecation under other, 
surmised, conditions has been exposed by J. Gray, Tilden 
and others {vide 11 (c), lu). It is therefore an indisputable 
argument for vitahsm Life cannot be governed by the 
laws of inorganic nature, as it is something sui generis. 
This argument is independent of the cosmogenie argu- 
ment given above, being based solely upon biological 
experiments. 

But, further, if life suitable for terrestrial conditions is not 
eternal in the universe and not an outcome of inorganic 

* Cf Dunne’s conclusion “ that behind all physical phenomena there is the 
Umversal Mind” {The Nm Irnmortahty, review. Record, 4th Nov. 1938). 
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processes on the surface of the earth, I see no alternative 
explanation for it except a creative act of God. 

Such adnussions arc repugnant to the scientific mind, 
which seeks, quite properly, for continuity in nature, ex- 
pressed sometimes in terms of cause and effect. But the 
scientific mind must learn to recognise ultimate things when 
it comes up against them As Wallace wrote in 1889 {Dar- 
winism, Ch. XV), there are clear indications of definite, 
so-called “supernatural” acts or periods in the history of 
living things, biogenesis being one of them. Such belief 
accords well with all we know about the “fitness of the 
environment”; and it agrees not only with the creation of 
“light” “in the begmmng,” but with that of the higher 
mental and spiritual powers of man {cf. sec. iv, all argu- 
ments except No lo — behaviouristic) . 

Alternatively, tlie origin of life “remains shrouded in 
mystery”, as Henderson and some other mechanists think 
{Fitness of the Environment, pp 288, 308-10), and as Darwin 
said of that of matter and energy. But, if so, this mystery 
must not be forgotten by biologists. 

No. 3, — Entropy, the arrest of 

The “evasion” or “arrest” of the otherwise unbroker 
law of entropy by living orgamsms, has been dealt with in 
III(c), 1, 11, above. This “fundamental” attribute of life, as 
Sir Gowland Hopkins terms it, is a perfectly independent 
proof for vitalism, due largely to the exposition of astronomers 
and physicists, but also strongly stressed by Sir Gowland and, 
earlier, by Johnstone (Ill(d), i, i). 

As eventually all animals are parasitic on plants, this 
opposition to the second law of thermodynamics is funda- 
mentally due to the power of plants to store up radiant energy 
through tlie peculiar properties of chlorophyll; though Hop- 
kins points out that “autotrophic” bacteria and “purple 
bacteria” probably checked entropy before green plants 
developed {Advancement of Science, 1933, p. 2). The “bio- 
logieal ” arguments for vitalism are so largely based upon 
animal life that this contribution from the vegetable kingdom 
also deserves attention as shovnng that “vitalism” is not to be 
confined to animals and Man. 
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But Man, alone among organisms, can “evade” entropy, 
to use tlie terminology of Jeans, by utilising and storing 
such secondary energies as tliose of wind and waterfalls, due 
primarily to radiant energy, and the elemental energy of 
radio-active bodies; and he alone employs the accumulated 
energy of plants for heat, while sharing with animals its use 
through feeding on plants or on animals which feed on plants. 

JVb. 4 — Harmonious-equipotenlial systems [Dnesch's first proof) 

This argument was originally worked out for animals, 
but it also applies to plants It is due to Driesch {Science and 
Philosophy of the Organism, A I, B, Ch 3, cf my Ill(fl), 11, 
above) , but his experiments, upon which it rests, have been 
repeated by T H. Morgan and other expert biologists His 
explanation is given in terms of “entelechy”; here I would 
stress tliat it is “a true element of nature”, a proof for 
vitalism, for the autonomy of life (Driesch, ibid, p 105); 
and that it is quite independent of the arguments already 
mentioned, being derived from experimental study of embry- 
ology or morphogenesis, regeneration and restitution. The 
proofs are the unassailable facts which Driesch marshals under 
these headings in his A, Part I, A and B 

Durken gives support to these facts and to their vitalistic 
conclusion {Experimental Analysis of Development, e.g. Chs. 
I-IV) 

JVb 5. — Complex-equipotential systems {Dnesch's second proof). 

This argument must be distinguished carefully from 
Dnesch’s first argument, no 4 above. The former deals 
with “single acts” which together form a harmomous whole 
in development or restitution; thus, if some cells are removed 
from an embryo in, say, the 8-celled stage, the others will 
perform the functions of all the eight cells. Complex- 
eqmpotential systems function in the origins of embryos or 
in new formations They are well seen in plants, as in those 
leaves which can develop a whole plant from a bud formed 
from one or a few cells of the epidermis. But in animals they 
occur in regenerations, and notably in the origin of the 
generative cells from a sexual organ which itself is formed 
from one cell, or at most from very few. In these cases “ eacli 
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single element” can perform a complex act, i.e. the produc- 
tion of a whole new individual or a large, complex part of 
one. As such processes cannot be described in mechanistic 
terms we get a distinct argument for vitalism (Driesch, 
ibid. A, I, D\ especially pp. 144-5, 147; cf. my Ill(fl), ii, 
above). 

Neither of Dnesch’s two arguments refers in any way to 
that normal adult life of an orgamsm from which independent 
arguments are derived in the following portion of this section. 

No. 6 . — General autonomy and wholeness of adult Organisms; the 
Oigantsm or Naluial History Argument. 

This argument goes beyond Dnesch’s two proofs wliich 
deal with cmbryological and restitutionary development 
only The wJiole life of an organism, particularly an ammal, 
IS utterly unlike both a machine, in any sense in which that 
word can be fairly used, and anything found in inorganic 
nature This is apart from the special phenomena from which 
separate arguments or “indicia”, to use Driesch’s phrase, are 
drawn m no 9 below. 

It IS supported by Durken’s emphasis on the importance 
of tlic whole during the development of the animal organism 
{op. cil , pp 30-3 and 250-5). J. Gray agrees witli this, and 
adds that the “two main attributes of living matter” — 
inherent complexity of structure and dynamic potentiality 
of imtiating events — are also displayed in the relationship 
between the adult organism and its environment [Advance- 
ment of Science, 1833, p. 91 etc.; cf. my Ill(rf), i, ii), and Uiat 
the organism always behaves as a co-ordinated system “of a 
complexity quite unknown in the physical world”, showing 
“properties and potentialities” not reducible to the chemical 
level (Russell). This leads to the exposition by E. S. Russell 
of animal behaviour as a “whole activity”, though “simply 
one form of the general directive activity of the organism”, 
and of the importance of “natural history in the old sense” 
[cf. Ch. I above). 

All these authorities draw attention to the total inadequacy 
of merely physico-chemical research to eludidate more than 
certain limited parts of biology, and so show tlie inadequacy 
of mechanism. At the close of tlie previous chapter I have 
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indicated the reasons for taking this “holistic”, “organismal ” 
view of organisms as an independent argument for vitalism. 
Despite objections raised to tliis term by Russell because he 
rejects the concepts of mind and matter {op. cit , p 88), a 
rejection which I cannot accept, partly because Dr. Russell 
evidently has a mind, no other expression meets the case un- 
less “life autonomy” is preferred. 

Finally, we must recollect that “plants show beliaviour in 
this general sense just as much as ammals do”, though only 
exceptionally by active movements (Russell, ibid., p. 8g) 

No. 7 — Animal autonomy, sensation, or consciousness. 

Closely alhed with the preceding aigument is the differ- 
ence between plants and ammals which Wallace considered 
the second stage in the development of the orgamc world 
{Darwinism, pp. 474-5) It may be granted that in the 
Protista there is no border-hne between plants and animals; 
and that lower ammals and parasitic forms resemble typical 
plants in various negative ways, such as absence of quick 
and voluntary movements, of power of grasping and eating 
bulky food, of well-developed sensory apparatus, and so on 
{cf. Johnstone, Mechanism of Life, p. 9). 

But the fact remains that every one recogmses what is 
meant by an animal, except perhaps a few biochemists 
when they are on duty {cf III(^), 3, ii — Needham) Typical 
Protozoa, like the Coelcnterata, are clearly marked off from 
plants, and Jennings and others have shown that in Stentor 
and similar forms there is a power of learning and of response 
to unusual situations (Jennings, Behaviour of the Lower 
Organisms, Science and Philosophy of the Oigamsm, pp 189-90, 
237). And in countless representative animal species, 
notably among Vertebrata, Insects and other Arthropods, 
and Cephalopod Mollusca, tiicre is “sensation or consaous- 
ness, constituting the fundamental distinction between the 
animal and vegetable kingdoms” (Wallace, loc. cit.).^ This 
is supported by McDougall and Nunn: the former attributes 
“mind” to animals as well as to Man, and both consider that 
all animals are more or less autonomous {vide III(A), 2, iii); 

1 Vide The Argument from Flight, L Richmond Wheeler (p 42, Discover, 
Feb. 1938). 
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SO does J B de Haan; Johnstone makes spontaneous be- 
haviour a gradually developed property in ammals (III(</), 
1,1); and Lloyd Morgan thinks that consciousness in animals 
shows three grades, the lowest of which is “sentience” 
(Singer, History of Science, p 422). 

Whether this developed gradually, according to “Dar- 
wimsm”, or de novo in various degrees, according to Berg 
[cf. III(A), 3, 111), does not affect its actual existence, best seen 
in tlie higher Vertebrates Wherever it occurs it is an argu- 
ment for vitalism, additional to that derivable from the 
general “orgamsmal” properties common to plants and 
ammals dealt with in argument no 6; though it is sometimes 
difficult to separate the proofs for these two arguments when 
lower ammals are under discussion 

Haller’s irritability of living substance may be recalled 
here {cf. p. 47 above). 

No. 8 — Internal Organisation, enzymes, hormones, etc.: the 
Biochemical Argument 

Our increasing knowledge of tlie orderly production in 
orgamsms of zymogens and enzymes, when and where 
reefuired, and similarly of hormones for the production of 
effects in parts of the organism other tlian their own has been 
considered in III (6), 3, iv There is nothing approaching 
this orderly sequence and correlation in inorgamc nature, 
and so these form an argument for vitalism drawn from the 
microscopic and functional study of the body similar to those 
derived from the macroscopic study of behaviour and animal 
autonomy (nos 6 and 7). 

As Johnstone has said, we cannot “explain” life as in- 
orgamc events can be and are explained by physicists; the 
physiologist is lirmted by his own methods to nothing but 
physical and chemical reactions, which describe but do not 
explain life; and “even the biochemical description (of secre- 
tion) involves at the present time hypotheses that have still 
to be verified” [The Mechanism of Life, pp. 211-12 and 240). 

No g — Various Indicia. 

“Surplus vitality and growth-power in dominant species, 
and especially in the males” was first suggested by A. R. 
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Wallace as the proximate explanation of the superabundant 
glories and also of the redundancies which puzzle the 
observant naturalist {cf Il(rf), n) Wallace elaborated this 
thesis concermng the gorgeous colours and strange structures 
of birds and butterflies {World of Life, pp 170-80, 261-3, 
1914 edn.; cf Tropical Nature 364 jey), and con- 

sidered that It also applies to the overdevelopment of bodily 
bulk, monstrous horns, and so foith, which seem to have led 
to the extinction of “many groups of ammals” [Woild of 
Life, pp 263-70; cf Smitli Woodwaid, “Geology,” British 
Association, 1909, and Broom, The Coming of Man, pp. 50- 
61). “ Even in the vegetable kingdom this same law may have 
acted,” Wallace considered, referring to the enormous 
masses of flowers and fruits often produced in excess of the 
needs of the species, floral coloration, the production of sap, 
and so on [ibid , pp 275-7) 

I tliink this a perfectly sound idea, general recognition of 
wliich has been pre\ ented among Darwimans by a too rigid 
adherence to the concept of utility, in which Wallace himself 
believed very strongly at first, with Darwin {ibid, pp. 319- 
22). The excess of poisonous substances in snakes and many 
plants may be due to the same principle 

My own study of tropical butterflies leads to the same 
conclusion In addition to the excessively brilliant colour- 
ing of many, they h\ e considerably longer than is required 
for the propagation of the race, and show the joie de more 
which Fabre noted in many less ornate insects {cf. II («f), 1). 

Life then in many ammals and Flowering Plants exhibits 
excessive development in certain directions, inexplicable on 
grounds of utihty though describablc perhaps in terms of 
orthogenesis {cf III(A), 3, m) This to me is an additional 
argument for vitalism; but as it might be explicable on 
deterministic lines it is placed here as an indicium. 

Driesch, in The Scunce and Philosoplgf of the Organism, 
mentions various phenomena which he considers not 
absolutely irrefragible proofs for vitalism but nevertheless 
strong indicia These include: 

the existence of enzymes {op cit., p. 263) ; 
instinets, which he defines as ammal movements {ibid., 
pp. 192-201); 
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immunity from disease {ibid., pp. 136-9); 
the weaknesses of Darwinism {ibid., pp. 168-75); 
adaptive equipotentiality {ibid , p 131). 

The functioning of enzymes and similar bodies has been 
developed here as argument no 8 

Driesch’s treatment of instincts is dubious and unsatisfying; 
he finds no argument in instincts themselves for vitalism, 
but suggests that if regulation of instincts occurred it 
would prove life autonomy. The existence of this “regula- 
tion”, or rather of a gradual change from instinctive to 
autonomous behaviour, has been fully demonstrated by 
Johnstone, Russell, Durken and others {qv), and used in 
my argument no 7 

Immunity from disease is, however, quite different from 
the normal functioning of hormones and enzymes in healthy 
organisms. Though not always successful, immumty repre- 
sents a specific reaction of the orgamsm to a specific attack, 
external or mtcinal, from noxious organic substances, and so 
is an important indicium for vitalism, if not indeed an indepen- 
dent proof. Again, I submit, wc find a phenomenon un- 
paralleled in inorganic nature. 

Tlie weaknesses of Darwinism as a system per se do indeed 
weaken the mechanistic argument often associated with it, 
and their exposure is an indicium for vitalism. But I do not 
propose to stress this here, as Darwimsm need not be 
synonymous with materiahsm (p 142; pp. 147-8, above), 
and is a useful ingredient in biological theory (Ill(i), 3, iii). 

“Adaptive potentiality” is covered by Dnesch’s second 
proof and by my argument no 7. 

The indicia which demand special consideration are 
tliereforc two — the “surplus vitality” of Wallace and the 
“immunity” ofDriesch, 

(iv) Human Arguments (C). No. 10. — Human action {behaviour- 
istic) {Driesch’s third proof). 

Driesch’s third proof of vitalism is based not on psychology, 
as is the following argument, no. ii, but on scientific 
behaviouristic study of man as a “material system in motion” 
and on disproof of the mechanistic fallacy that the material 
brain is the basis or cause for “action” as defined by 
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Driesch {Science and Philosophy of the Organism, pp. 207, 212, 
217, Q2o; History and Theory of Vitalum, pp 212-13) 

If It IS also applicable, as I believe it is to a limited extent, 
to the actions of such higher ammals as clogs, apes, elephants 
and perhaps certain birds, its valency as an argument for 
vitalism is strengthened. But it is desirable for historical 
reasons, and sufficient, to place it here Arguments from 
tamed mammals and birds are, to my mind, often suspect, 
as it is difficult to make sure that the animals are not being 
profoundly and abnormally influenced by the human in- 
telligences of tlieir owners 

Anyhow, there is nothing like behaviouristic human action 
in the inorgamc world, as Driesch says ; and, at least on his 
historical basis, it seems a perfectly sound and independent 
argument for the autonomy of human life and so for vitalism, 
on the ground that disproof of mechamsm in one species or 
group of orgamsms shows that vitalism is essential at least to 
that extent (f. m\ Ill(rt), u, pp 150-2) 

Ho. II. — Autonomy of Mind {psychological). 

This IS another independent scientific argument, based on 
the study of mind as mind McDougall I consider its ablest 
and clearest exponent; but Bergson and Jung and other 
mexiem psychologists have with him re-established the 
autonomy of mind ('c/' Illfi), 2, 111 and 11) As Merz says, the 
\'italistic \icw is supported by “ . the phenomena of 
consciousness or of an inner experience” {European Thought, 
ii, 468) 

But many other scientists join with the psychologists quoted 
in admitting the rcahty and independence of mind. John- 
stone did so (Ill(d), 1,1) J Arthur Thomson referred to the 
“epiphany” of mind in “higher animals” (E.B , 14, 42 seq ). 
Eddington says, “If the brain disturbance is translated into 
consciousness, we touch reality” (Whetham, op. cit., p. 480). 
Whetham claims that “as far as direct knowledge goes, the 
mental world is the more real” and “there is knowledge of 
our own mental sensations”, of which one of the strongest is 
that of volition and free-will {Histoiy of Science, pp. 475-6, 
314). The validity of free-will has also been emphasised by 
Bishop Barnes {op. cit., pp. 581-7), and McDougall {Outline 
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of Psychology, pp. 51, 447); and earlier by Kelvin (Merz, ii, 

598). 

Wallace affirmed before 1889 tliat one of the stages in 
organic evolution due to “some new power or cause,” is the 
existence in Man of his “most characteristic and noblest 
faculties” {Darwinism, pp 473-5; cf. Natural Selection, Ch. X); 
and though this view has been reprobated by most biologists 
Wallace is here, as often, more in tunc with modern beliefs 
than his materialistic critics {cf. II((/), 11, and sec. h above) 

Again wc note a recurrence to an idea expressed long 
before these writers by Aristotle {^. sec v below). However 
far the “mental” powers of certain animals may approxi- 
mate to those of Man {cf arguments 6 and 7), there is beyond 
all doubt an independence m his mind at its highest to which 
no parallel among the best “intelhgences” of a ni mals can be 
adduced. 

No IS . — Epistemology {philosophical). 

This argument is quite independent of the last one though 
it leads to the same result, being based upon the relatively 
ne,w study of the validity of human knowledge {cf. Ill(i), 
I, iv). It is that all knowledge and theories, mechanistic or 
otherwise, are products of the human mind, connected, 
somehow, with the human body, so any valid theory about 
organismal, including human, bodies must allow for itself 
being the result of mental induction from “appearances”; 
so it must be vit2ihstic at least as far so the independence of 
the mind of Man is concerned. 

No. 13 — Religious Experience. 

This argument comes from outside the subject-matter of 
science, but its relevancy is admirably stated by Whetham: 

“Science must admit the psychological validity of re- 


Eg F Weidenreich, reviewing the evolution of Man “in light of new 
discoveries ”, concludes that “ * the developmental factors of Lamarckian and 
Darwinian conception are of no importance, the essence of the evolution being 
an mdependent progressive differentiation of the type itself ” {Nature, loth 
Sept 1938,470), and Prof H H WooUard, F R S , and J Reid Moir, F R S , 
in view of recent discoveries of human remains such as Mr Marston’s Swans- 
combe “ skull ”, incline to belief that Man is not derived from an “ anthropoid ” 
stock but “from an earlier stock” {Nature, 8th Oct. 1938, 673, 675, cf. 509- 
510, on 17th Sept.}. 
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ligious experience. The mystical and direct apprehension of 
God is clearly to some men as ical as their consciousness of 
personality or their perceptions of the external world.” It 
is not necessary, nor possible, to define God. “Those who 
know Him ivill want no definition” {op cit , pp. 485, 
and xxi) . 

Whitehead expresses the same idea: “The fact [italics 
mine — L. R W ] of the religious vision, and its history of 
persistent expansion, is our one ground for optimism” 
{Science and the Modern World, p 238) As Merz says, phil- 
osophic tliought has now recogmsed that tlie region of artistic 
creation and religious thought has an independent existence 
and “can draw upon a fund of mental experience quite as 
real and inexhaustible as that . . explored by scientific 
thought” {European Thought, Vol. IV, end). 

The reference to artistic creation agrees with the use made 
by Wallace and other wide-thinking scientists of other 
important human “faculties”; but it is sufficient here 
to consider the religious argument, admirably expressed in 
Tennyson’s In Memonam and strongly supported by The 
Religion of Scientists (1932), which gnes the views of some 
two hundred Fellows of the Royal Society. 

For those in doubt such books as Streeter’s Reality, Barnes’ 
Scientific Theory and Religion, Matthews’ Purpose of God, and, 
perhaps, Fleming’s Origin of Mankind may be useful. The 
alleged absence of a rchgious faculty in individuals no more 
disproves its existence elsewhere than the inability of some 
primitive races to count accurately above twenty or even 
three disproves the existence of the mathematical powers of 
such persons as Euclid, Newton and Pascal, or the validity 
of mathematics {cf III(c), 2, ii and iii, concerning subjective 
idiosyncrasies of biologists). 

Here is no question of the evolution of religious ideas, 
which, like the evolution of magic and of scientific ideas, 
can legitimately be treated scientifically. The evidence is 
that, apart from man’s varying conceptions, ceremonials 
and creeds, there eternally is a Supreme Transcendent Being 
{cf sec. ii above). Man’s ability to obtain communion in 
any way with Him is a matter different in quality from the 
highest intellectual or conative achievements. No organism 
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capable of this is properly accounted for by a mechanistic 
philosophy or science {cf McDougall’s Religion and the 
Sciences of Life, 1934) So this is an independent argument for 
the validity of a non-mechamstic view of Man, and so for 
vitalism {cf close of argument no. 10). 

JVb. 14. — Psychic Research 

For many years psychical research has been conducted on 
scientific lines by scientists and other intelligent and reputable 
people j and I agree with C D. Broad that its evidence for 
many abnormal events is not to be lightly dismissed by 
scientific investigators of the nature of Man ( The Mind and its 
Place in Nature) This evidence has often been disregarded on 
a priori grounds by those who have not studied it (Wallace, 
My Life, Chs. XXXV-XXXVII) Broad has written admir- 
ably in this connection about much “science” being often 
only the very fallible opinions of Professor X and his circle of 
friends {op cit , p 515). 

Here I would only claim that the evidence for such 
phenomena as telepathy and, perhaps, “Phantasms of the 
Living” is sufficiently strong to estabhsh mental or “psychic” 
powers for Man, at least for some men and women, which 
cannot be accounted for by any mechanistic theory {vide 
e.g. Psychical Research, Driesch, 1933), and therefore form 
another proof for a non-mechamstic view of Man and so for 
the vitahstic position generally. 

Among the first-rate scientists who have accepted some 
such position as this — though many of them go much further 
— may be mentioned C Flammanon, Sir W. Crookes, A. R. 
Wallace, Sir Oliver Lodge, Sir W. F. Barrett, and Professor 
Driesch; to whom the names of F W. H. Myers and his 
colleagues should be added. One of the latest scientific 
authorities to appreciate the importance of psychic research 
concerning “the position of mind^ in the universe” is 
Professor MeDougall {{Religion and the Sciences of Life, 1934, 
Chs. IV and V) 

One objection to the validity of these phenomena or to 
evidential use thereof is that, at the best, they are com- 
paratively rare and cannot be produced at will. But the 
latter remark applies to many impoitant observations in 
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biology {cf. Driesch, Science and Philosophy of the Organism, 
pp. 2, 3); and the former ciiticism also applies to the 
occurrence of genius and other exceptional human qualities 
Yet these are admitted to be suitable matter for scientific 
study by Galton and other writers on eugemes. 

(v) The nature of modern vitalism, and its importance for biology. 

It is clear that the specific vitalistic ideas expounded in the 
past, for example by Stahl or Berzelius, are no longer tenable. 
They were often incorrect in tliemselves; but, further, no 
single exclusive theory is adequate for the enormous variety 
of phenomena with which biology now deals. This last 
criticism also applies to such theories as the entelechy of 
Driescli, invaluable as his work is [cf III (a), iii) So it is 
common to find “vitalism” rejected even by biologists who 
realise the inadequacy of mcchamsm 

Thus, Nordenskiold regards mcchamsm and vitalism as 
failures and thinks “lesignation” would be wiser than eitlier 
[History of Biology, p. 6 iq). Woodger points out that much 
criticism of vitalism is beside the point; yet he too thinks 
there is little to be said for vitahstic theories, though more 
critical of mechanism [Biological Principles, pp. 266-7, 325). 
J A Bierens de Haan also rej’cets these two alternatives in a 
suggestive article [Science Progress, October, 1935) Merz is, 
however, strongly foi vitalism against mecliamsm [ibid , iii, 
393, etc ) ; so IS Singer [e.g History of Biology, Preface, p 429, 
etc.). Yet Whetham, whose History of Science has been fre- 
quently quoted in these pages, says of vitalism, “This idea is 
discredited nowadays” [op cit , p xx); though it is speafic- 
ally supported by Driesch and McDougall and implicitly by 
the vast band of scientists who reject mechanism. In fact, 
all these criticisms seem to me to be directed against special 
vitahstic ideas and to fail against such a combination of the 
arguments for vitalism as is given above. These seem to me 
to include de Haan’s three “tendencies” and to give a more 
active view of the “resignation” outlook of Nordenskiold; 
and, as regards Woodger’s criticisms, besides covering 
biological data they include suitable reference to the data of 
mental experience. 

The general inadequacy of mechanism as a description of 



MODERN VITALISM 


259 

life phenomena has been summarised in the arguments in 
sections iii and iv above, and demonstrated in respect to 
particular expositions in Chapters 11 (A), iv and v; III(A), 
I, 2 and 3; III(c), i; and 111 (d), i. In particular, the 
attempt of J Needham to define biology as a mere sub- 
division of chemistry and physics has been criticised in 
III(A), 3, ii. It IS like an edition of Hamlet m which all refer- 
ences to the Prince of Denmark are expunged ; after which 
we are informed that there is no Hamlet in it, despite the 
peculiar name. 

There remains one plausible modern view, that the 
mechanist-vitalist controversy is a thing of the past, a matter 
of narrow views based on imperfect knowledge, which will 
be replaced by a broader synthesis founded upon new and 
wider definitions This has been expounded by C. H. 
Waddmgton (Discovery, May, 1935). The way out of the 
controversy, he thinks, is provided by “the idea of organisa- 
tion or arrangement in a pattern”; and he quotes as an 
analogy the increased knowledge gained in physics from 
study of the “patterns” found in electron-photon combina- 
tions in atoms. 

Sir Gowland Hepkins used somewhat similar language in 
his British Association address (Advancement of Science, 1933), 
though in other respects it was largely vitalistic (cf. Ill(d), 
i, li). But Mr. Waddmgton is much more precise; all that 
biologists have to do, he thinks, to avoid introducing vitalistic 
ideas is to alter the defimtions of physico-chemical concepts. 
And, “when we have discovered what particular arrange- 
ment of the fundamental physical elements gives rise to 
consciousness, we shall be able to add the necessary property 
to our present defimtion of the physical concept.” This, of 
course, is rank mcchamsm, and clashes hopelessly with the 
independence of the mind which is established by McDougall 
and others (cf. III(A), 2, iii, and arguments 10-14 above). 
Yet the remainder of Waddington’s paper, admitting that a 
new order of arrangement of living material arises during 
animal development and that, though function is often made 
possible by structure, we do not know how the structure is 
held together, is either congruent with vitalistic conceptions 
or seems to demand them ! 
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Tliis also applies to the brilliant expositions of animal 
behaviour of E S Russell, whose only objection to the use of 
“vitalism” IS that he rejects the concept of mind {cf. argu- 
ment 6 and in(rf), i, n) These advocates for the abandon- 
ment of vitalism adduce proofs like those of Driesch, Durken 
and Wallace to show that mechanism is inadequate, and 
object to vitalism for reasons which psychology and their 
own mental posvers show to be quite fallacious [cf. my 
“ Fallacy of Misplaced Simphcity”, Ill(i), i, 11). 

No vitalist now challenges the fullest possible application 
of physical and chemical methods to biological problems, 
nor the reasonableness of checking biological theories by the 
proven results of these methods But there arc various 
planes of organisation m nature [cf in(c), i, i), and it is 
hopeless to try to explain one plane wholly in terms of 
another. 

As Sir J Arthur Thomson, who saw no need for a 
“mysterious vital force” nor for absolute belief in biogenesis, 
said, life is a “umque kind of activity”, requiring “concepts 
transcending those of mechanism”, and “mind” is indepen- 
dent (EB., art Life, 14; cf Biology, 3) To these funda- 
mentals I would add the inexphcablc origin of life, its umque 
resistance to entropy, powers of reproduction, heredity, 
development and restitution, and otlier phenomena enumer- 
ated above. 

Modern vitahsm stands, or should stand, for everything 
in biology that is not explicable by inorgamc or abstract 
science, for everything proved by arguments in this chapter. 
Firstly, all living things possess a common principle, which I 
hold with Bohr should be simply termed “life”, as occurring 
in them uniquely and impossible of definition in moie 
elementary terms This, of course, is the vegetative “soul” 
of Aristotle. But in addition ammals appear to possess, 
though gradually no doubt, a further power of autonomy 
which may be called, as by Wallace, sensation or conscious- 
ness, which is Aristotle’s animal “soul” or “sensation” 
{De anima, II, 2, para. 4, etc.). Finally, the evidence that 
mind, in Man at least, is independent or autonomous seems 
conclusive {cf III(6), 2, iii, and arguments 10-14). So we 
not only return to the three grades of the vitalism of Aristotle 
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[cf. 1 (a), I, i) and of Wallace (n(rf), ii), which is very remark- 
able, but confirm the common belief in life as a peculiar 
autonomous characteristic of hving things. Thus Driesch’s 
dictum that the “assertions” of Aristotle have been justified by 
recent research [cf 1(a), i, i, end) is largely correct, though, 
of course, they have been modified and some even refuted by 
modern knowledge This verification of Aristotle’s vitalistic 
ideas is the more striking because I previously considered 
the modern chorus of praise for his biology excessive and 
inclined to traditionalism, and after writing my opemng 
chapter I simply followed the argument along all the lines 
opened up by modern investigators And then the conclusion 
comes out largely on Aristotelian lines! 

That life and mind are elementary facts not derivable from 
inorganic processes is confirmed by the cosmogenic argu- 
ment that matter or at least energy must have had a special 
genesis (III(^/), 2, ii); so the universe is not automatic, and 
tlie occurrence of one or more big geneses or breaks in its 
continuity makes others not unhkely. 

It is sometimes stated, as by Sir M. Foster and Johnstone 
{Mechanism of Life, p 160), E. B Wilson (Woodger, op. cit., 
p. 232), and Sachs {History of Botany, III, Ch II), that pro- 
gress in biology has occurred mainly during mechanistic 
periods, though Sachs is careful to say that this was due to 
vital force being regarded as a substitute for, not an ac- 
cessory to, physical forces But the period he refers to, c. 
1804-1822, IS not a good example, because great advances in 
plant physiology had been made just before when vitalism 
was equally dominant {cf 11(a), i). 

On a wide view I consider that advance in details has 
often been promoted by a mechamstic outlook This is seen 
in the impulse given to biology by Darwin’s theory and in 
the zeal with which physiologists tackle their problems. But 
similar work may be done equally well and keenly by vitalists 
like Wallace, J. Muller, and J. S. Haldane; further, devotion 
to de tails which seem to support mechanist views often leads 
to neglect of other fields of research and to blindness of inter- 
pretation {cf III (a), ii and iii; III ( 4 ), 3, v), and to useless 
expenditure of energy on attempts to manufacture “living 
cells”, and so on {cf. 11 (c), iii). But the principal argument is 
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that under pure mechanism biology is pitifully biased and 
restricted in scope (III(6), 3, ii); and consequently its 
reaction upon sociology and morals is misleading and 
potentially productive of c\il {cf Huxley, Romanes Lecture; 
Woodger, pp 472-5). A similar conclusion is well expressed 
by Woodger {Biological Pnnciples, pp 232-3, 323). 

But a vitalistic outlook is likely to promote advance in 
every department of biology, not in one or two only. As I 
see it, modern vitalism stands for broad views in biology, 
accepting all that other branches of science can offer but 
employing, where necessary, distmctii-c, fundamental, con- 
cepts, not derivable from the material of inorganic science ; 
and most certainly rejecting the claims of mechanism to 
“explain” all the phenomena of life in general and of animals 
and Man in particular. Here I would turn again to Whetham, 
despite his low opinion of “vitalism” as he sees it, for a clear 
expression of the meamng of the liistory and philosophy of 
science — “observation or expenmcnt is the starting-point of 
the investigation and the final arbiter” (tbid., p xiv). 

For biology to be a great branch of human knowledge, 
“the mistress and not the servant of physics or of chemistry”, 
comprising a sane, balanced study of all living things and 
all their activities and properties, the vitalistic mode of out- 
look is vital. And biology is a great branch of human 
knowledge. 
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